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ITH the exception of actinomycosis, systemic mycotic infections 

have been rarely reported from Canada. The ease with which 
such diseases may be misdiagnosed, as occurred in the case to be re- 
ported in a subsequent publication, would appear to be sufficient justi- 
fication for presenting a review of the subject of blastomycosis. 


DEFINITION OF FUNGI 


Lewis and Hopper’ gave the following description : 


Fungi are microscopic members of the plant kingdom. They are included. in 
the phyllum of Thallophyta, in which there is no differentiation into roots, stem 


and leaves. Structurally, they consist of vegetative elements and of fructification, 
or spore, forms. The vegetative filamentous structures are irregularly segmented 


and show some variation in form, according to the species. This is the form in 
which fungi are chiefly present in the human body. The structures connected with 
fructification are more specific, forming the basis for the identification of species. 
They are rarely present except in artificial cultures. 


HISTORICAL DATA 


In 1894 Gilchrist and Stokes? presented a clinical description of the 
cutaneous type of blastomycosis as it appeared in the United States and 
at the same time identified the causative fungus in stained tissue sec- 
tions. In 1898 Gilchrist gave the organism the name by which it is 
still recognized, Blastomyces dermatitidis. In 1902 the first case of the 
systemic disease was reported by Walker and Montgomery. Since that 
time the disease has been called by many names, but only three of these 
are now acceptable—blastomycosis, North American blastomycosis and 
Gilchrist’s disease. Confusion has existed in the literature, owing to 


From the Department of Medicine, Ottawa Civic Hospital. 

1. Lewis, G. M., and Hopper, M. E.: An Introduction to Medical Mycology, 
ed. 2, Chicago, The Year Book Publishers, Inc., 1943, pp. 5, 184-188 and 306-308. 

2. Gilchrist, T. C., and Stokes, W. R.: A Case of Pseudo-Lupus Vulgaris 
Caused by Blastomyces, J. Exper. Med. 3:53, 1898. 
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the fact that infections caused by various fungi, somewhat similar 
morphologically, have all been termed blastomycosis. 


Conant and his co-workers*® wrote: 

The generic name Blastomyces is admittedly an unfortunate one. It had been 
used previously for an entirely different fungus and, according to the rules of 
nomenclature, it should be restricted to its first use. Also, the term means “budding,” 
which is a phenomenon not only of the tissue phase of the etiologic agent of Gil- 
christ’s disease, but also of fungi belonging to the genera Saccharomyces, Crypto- 
coccus and Candida. 

The European type of blastomycosis is a distinct entity and is 
known as cryptococcosis, torulosis or Busse-Buschke’s disease; it is 
caused by a fungus of the genus Cryptococcus. The South American 
variety is often termed paracoccidioidal granuloma or Lutz-Splendore- 
De Almeida’s disease; its organism is named Blastomyces brasiliensis 
or Paracoccidioides brasiliensis. Conant and Howell* in 1942 published 
an interesting comparative study of the fungi of South American and 
North American blastomycosis. Still another source of confusion in 
the nomenclature concerns the strictly cutaneous disease known as 
chromoblastomycosis, due to still another type of fungus, which, how- 
ever, does not reproduce by budding. The first Canadian report of this 
infection® was published in 1945. All of these diseases are listed in the 
Quarterly Cumulative Index Medicus under the heading of blasto- 
mycosis. To clarify the confusion that still exists in the literature it 
would seem essential to identify all cases of infection by B. dermatitidis 
as North American blastomycosis or Gilchrist’s disease. 

Since Gilchrist’s original report, many other workers have added 
to the knowledge of the disease, but none has contributed more out- 
standing studies than the Duke Medical School group headed by Martin 
and Smith. They have done a great deal to establish some semblance 
of.order out of the chaotic confusion which previously existed. 


DEFINITION OF GILCHRIST’S DISEASE 


North American blastomycosis is a chronic infection, caused by B. 
dermatitidis and characterized by the formation of suppurative and 
granulomatous lesions in any part of the body, but with a predilection 
for the skin, lungs and bones.’ 


3. Conant, N. F.; Martin, D. S.; Smith, D. T.; Baker, R. D., and Callaway, 
J. L.: Manual of Clinical Mycology, National Research Council, Division of 
Medical Sciences (Military Medical Manual), Philadelphia, W. B. Saunders 
Company, 1944, pp. 25-50. 

4. Conant, N. F., and Howell, A., Jr.: Similarity of Fungi Causing South 
American Blastomycosis (Paracoccidioidal Granuloma) and North American 
Blastomycosis (Gilchrist’s Disease), J. Invest. Dermat. 5:353, 1942. 

5. Berger, L.; Beaudry, M., and Gaumond, E.: Chromoblastomycosis Due to 
a New Species of Fungus (First Canadian Case), Canad. M.A.J. 53:138, 1945. 
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Martin and Smith® stated that two clinical types of Gilchrist’s disease 
are recognized—a cutaneous type, which proceeds as a chronic or sub- 
acute ulcerating process and which usually responds in some degree to 
treatment with iodides or roentgen irradiation, and a systemic type, a 
highly fatal disease, characterized by pulmonary infection and widespread 
distribution of lesions in the subcutaneous tissues, bones, joints, internal 
organs and central nervous system. The same fungus, B. dermatitidis, 
causes both varieties. ; 


GEOGRAPHIC. DISTRIBUTION 


In 1939 Martin and Smith’ reported a study of 347 cases of the 
disease. They considered only 80 (23 per cent) of these cases as having 
been unquestionably proved cases of infection by B. dermatitidis, but 
163 (47 per cent) were classified as presumptive cases, on the basis of 
clinical histories, descriptions of the lesions, photographs, biopsies or 
positive smears. They dismissed 104 cases, because the descriptions were 
inadequate to allow inclusion in either of the categories. Cases in which 
the disease was reported as blastomycosis but in which it was obviously 
due to fungi other than Gilchrist’s organism were not included in the 
statistical study. 

They concluded that Gilchrist’s disease is an infection essentially 
limited to North America, but found analysis of foreign reports of 
cases complicated by the failure to distinguish clearly between the 
American type caused by the moldlike B. dermatitidis and the European 
type caused by the yeastlike cryptococcus. Ninety per cent of all cases, 
95 per cent of the proved and presumptive cases and 98 per cent of the 
proved cases originated within the United States. The disease has been 
reported from at least twenty-eight widely separated states, with the 
largest numbers from Illinois and Louisiana. In 1946 Friedman and 
Signorelli,® in commenting on this statistical study, stated that the only 
2 cases accepted as proved or presumptive which originated outside the 
United States were from England and Canada. These authors reported 
that the recent literature contained 1 additional case from England and 
1 from Australia. 


6. Martin, D. S., and Smith, D. T.: Blastomycosis (American Blastomycosis, 
Gilchrist’s Disease): II. A Report of Thirteen New Cases, Am. Rev. Tuberc. 
39:488, 1939. 

7..Martin, D. S:, and Smith, D. T.: Blastomycosis (American Blastomycosis, 
Gilchrist’s Disease) : I. A Review of the Literature, Am. Rev. Tuberc. 39:275, 1939. 

8. Friedman, L. L., and Signorelli, J. J.: Blastomycosis: A Brief Review of 
the Literature and a Report of a Case Involving the Meninges, Ann. Int. Med. 
24:385, 1946. 
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SEX AND AGE INCIDENCE 


Martin and Smith‘ confirmed previous reports that the disease is 
much more common in male patients, the ratio being 9 to 1. Fifty per 
cent of the patients were over 40 years of age, with almost as many be- 
tween 20 and 40 years. However, no age group was observed to be 


immune. 
INCIDENCE OF DISSEMINATION 


In 1944 Fishman® declared that since the disease was described in 
1894 approximately 380 cases had been reported and that his review 
of the literature indicated that in only 73 of these was the disease defi- 
nitely of the systemic variety. This is in contrast with D’Aunoy and 
Beven’s’ earlier estimate that the disease in 40 to 50 per cent of all cases 
of Gilchrist’s disease is systemic. 

Solway and his co-workers! claimed that the cutaneous form of the 
disease rarely becomes disseminated and quoted Stober’s!* conclusion 
that of 29 cases of the systemic disease in only 3 cases did the disease 
result from a primary cutaneous lesion. They suggested that trauma, 
including surgical cauterization, might precipitate dissemination. It 
seems accepted that it is much more common for the systemic variety 
to have cutaneous manifestations than it is for the cutaneous type to be- 
come disseminated. 


SOURCE OF THE ORGANISM 


The fungus may have a saprophytic existence on plants, since numer- 
ous strains of blastomyces are widespread in nature.’ Its natural habitat 
is dark moist filthy unventilated ground, and, therefore, stables, 
cellars and other unhygienic places provide the proper environment for 
infection.1! It most commonly infects agricultural workers, common 
laborers and persons who work or live in damp, dirty or wooded places. 


PORTAL OF ENTRY AND MODE OF TRANSMISSION 


Although the exact method of infection is not yet clearly under- 
stood, it is generally agreed that the organism enters the body either by 
way of the respiratory tract, from inhalation, or through an abraded 


9. Fishman, J.: Systemic Blastomycosis, with a New Form of Therapy, U. S. 
Nav. M. Bull. 43:758, 1944. 

10. D’Aunoy, R., and Beven, J. L.: Systemic Blastomycosis, J. Lab. & Clin. 
Med. 16:124, 1930. 

11. Solway, L. J.; Kohan, M., and Pritzker, H. G.: A Case of Disseminated 
Blastomycosis, Canad. M.A.J. 41:331, 1939. 

12. Stober, A. M.: Systemic Blastomycosis: A Report of Its Pathological, 
Bacteriological and Clinical Features, Arch. Int. Med. 13:509 (April) 1914. 
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cutaneous area.* The cutaneous variety commonly results from trauma, 
such as scratches, bruises or puncture wounds, which introduce foreign 
bodies, such as thistles, thorns and splinters of wood. Crich’* suggested 
that the disease in his case may have resulted from the patient’s chewing 
grass. Beregoff-Gillow’* stated that the essential transmitters of the 
mycelia or spores of the fungi are food in disintegration, water and air, 
but occasionally they may be transmitted by mosquitoes, fleas and bed- 
bugs ; however, other writers do not mention the possibility of insects as 
vectors. 

Evans!® reported a case of. direct transmission of the disease in a 
physician who injured his finger while performing an autopsy in a case 
of systemic blastomycosis; subsequently a cutaneous lesion developed 
at the site of the injury. 


PERIOD OF INCUBATION 


The period of incubation is usually stated to be unknown, but has 
been estimated as from one to two weeks." 


DEMONSTRATION OF THE ORGANISM 


The fungus may be identified in pus from cutaneous lesions or in 
sputum and occasionally even in urine and cerebrospinal fluid, but rarely 
in the blood. It is usually not difficult to demonstrate from the lesions 
in the skin, if one examines the pus from small abscesses at the periphery 
of a lesion. An unstained direct preparation, with or without the addi- 
tion of 10 to 20 per cent sodium or potassium hydroxide to the material 
examined, will usually reveal the organism, if studied under the 
microscope with subdued light. Pus is expressed on a clean slide, and a 
cover slip is dropped on it. Budding cells should be readily observed, 
but, if they are not, the preparation may be ringed with petrolatum and 
left for a few hours, after which blastospores will probably be noted. 


In stained specimens, the fungus is often missed, because of its close 
similarity to lymphocytes.11 Fixed biopsy specimens may be stained 
with hematoxylin and eosin or phosphotungstic acid, but D’Aunoy and 
Beven?® expressed the belief that silver impregnation allows a better 
study of the causative organism. 


13. Crich, A.: Blastomycosis of the Gingiva and Jaw, Canad. M.A.J. 26:662, 
1932. 

14. Beregoff-Gillow, P.: The Importance of Early Diagnosis in Mycotic 
Diseases, with Special Reference to Blastomycosis, with a Brief Report of Two 
Cases, Canad. M.A.J. 34:152, 1936. 

15. Evans, H.: A Clinical Report of a Case of Blastomycosis of the Skin from 
Accidental Inoculation, J.A.M.A. 40:1772 (June 27) 1903. 
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While many writers have stated that it is often difficult te demon- 
strate the fungus in the sputum, Martin and Smith’ stated that its isola- 
tion is not difficult if sufficient material can be obtained. 


STRUCTURE OF THE FUNGUS 


Microscopically, the organisms are seen as doubly refractile, often 
budding, round or oval cells, 8 to 20 microns in diameter. When a 
stained histologic section is examined, the characteristic budding thick- 
walled double-contoured fungi may be noted in giant cells or in granula- 
tion tissue! An important feature is that in the tissues they multiply 
only by budding and form no mycelia or ascospores.” 


The morphologic picture varies even in the same strain, and occasion- 
ally different strains can be isolated from the same patient in separate 
lesions, but Martin’s work has proved that these are all one and the same 


organism.® 
CULTURAL CHARACTERISTICS 


B. dermatitidis grows luxuriantly at room temperature on artificial 
mediums, but not so readily at higher temperatures or in the presence of 
bacteria and is therefore sometimes missed in incubated cultures.’° It 
is a nonfermenter.* The procedures neccessary for isolation and identi- 
fication of the fungus can be summarized as follows‘: The material 
should be streaked heavily on blood agar plates and Sabouraud’s slants. 
The blood agar is incubated at 37 C., while the dextrose agar is left at 
room temperature. The cultures should not be discarded for two or 
three weeks, since colonies of blastomyces may not appear for two weeks. 


The organism on blood agar at 37 C. grows as a small wrinkled waxy 
colony, not dissimilar to a colony of tubercle bacilli. Microscopically, it 
consists of large rounded thick-walled cells, many of them budding and 
some showing rudimentary hyphae’ (fig. 1). 

On Sabouraud’s medium at room temperature, the fungus tends to 
remain yeastlike for only a short period of time, during which the 
mycelium is broad, thick-walled and closely septate, giving the general 
appearance of a geotrichum. Quickly the mycelial phase predominates, 
the culture developing a white cottony growth with an abundant aerial 
mycelium, which becomes tan to brown with age. Microscopically, this 
moldlike culture shows numerous oval to round conidia, 3 to 4 microns 
in diameter, attached to the hyphae near septations; other round to 
pyriform conidia, 4 to 5 microns in diameter, are borne on lateral 
sterigmas ‘of varying lengths (fig. 2). In old cultures many 
chlamydospores are developed, 7 to 18 microns in diameter, with outer 
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walls thickened to give unusual appearances. The mycelial phase can 
be converted to the yeastlike phase by subculturing the organism to fresh 
mediums and incubating at 37 C. 
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Fig. 1—Blastomyces dermatitidis. Round double-contoured budding yeastlike 
cells in pus from a subcutaneous abscess ( 700). 





Fig. 2—Blastomyces dermatitidis. .Round and pyriform conidia seen in the 
filamentous stage from Sabouraud’s glucose agar at room temperature (>< 700). 
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INOCULATION OF LARORATORY ANIMALS 


The mouse is most susceptible ; the rat is less so, and it is difficult to 
infect rabbits and guinea pigs. While the guinea pig dies of invasion 
when inoculated with Coccidioides immitis, it is commonly not infected 
by B. dermatitidis. Generalization of the infection, even in mice, does 
not always occur, and death of the animal should not be expected. In- 
jection of infected material into the abdominal cavities of mice may 
allow recovery of the fungi from the peritoneal washings." 


SYMPTOMS AND CLINICAL FEATURES 


Cutaneous blastomycosis occurs most frequently on the face and 
other exposed areas of the body. It may be localized in one area or have 
a multiple distribution. On the face it commonly attacks the nose, lips, 
cheeks, forehead and eyelids, but spares the conjunctiva. The lesion 
first appears as a papular pustule, which soon ruptures, and a friable 
necrotic crust develops and slowly increases in size peripherally. The 
active margin of the lesion is typically violaceous and elevated % to % 
of an inch (about 0.32 to 0.96 cm.) above the surrounding skin. The 
central area has a tendency to heal with fine soft scar formation, whereas 
the margin remains elevated and sharply demarcated from the sur- 
rounding normal skin. The crust is easily removed piecemeal, with little 
or no pain, and uncovers an almost flat bleeding base with papillary pro- 
jections, which are bathed in serosanguineous exudate and pus. The 
peripheral area characteristically has numerous miliary abscesses, which 
exude a thin purulent exudate on slight pressure. Material for smear, 
culture and biopsy should be obtained from this part of the lesion. The 
cutaneous lesions are either single or multiple; single lesions may reach 
a diameter of 8 to 10 inches (about 20 or 25 cm.). Their shape varies 
greatly, but they are usually rounded, arciform or serpiginous in contour 
and are often confluent.® 

In systemic blastomycosis there are no typical symptoms and signs, 
the disease being characterized by extremely protean manifestations. The 
onset is commonly insidious, and the symptoms at first may be those of 
a subacute infection of the respiratory tract, and a characteristic feature 
is pain in the chest. Later a syndrome suggestive of tuberculosis is 
present.? In general, the symptoms will be the same as those seen in any 
other chronic generalized debilitating illness. The disease usually follows 
a steady downward course, with cough, chills, fever, anemia, leukocytosis, 
asthenia and loss of weight. Hemoptysis is common. Occasionally 
sinuses may appear in the thoracic wall, if the pleura becomes involved, 
but this is less common than in actinomycosis."® 


16. Smith, D. T.: Pulmonary Mycoses, Clinics 4:994, 1945. 
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When the skin is secondarily involved, the lesions occur most fre- 
quently on unexposed parts, in contrast with the sites seen in the 
primary cutaneous disease. These lesions usually start as deep sub- 
cutaneous nodules, which soon break down, ulcerate and display the 
typical elevated violaceous margins. Occasionally miliary abscesses of 
the skin and subcutaneous tissue may result in the formation of larger 
localized abscesses, which may contain 1 quart (about 946 cc.) or more 
of pus.§ 

Martin and Smith’ stated that in over 50 per cent of the proved and 
presumptive cases of systemic blastomycosis, the first symptoms were 
referable to the respiratory tract. In 4 per cent the primary lesion fol- 
lowed an injury of some kind; in 19 per cent a cutaneous lesion was 
noted first, and in 23 per cent the earliest symptom was a subcutaneous 
nodule or abscess. In the latter group, the sites of the original nodules 
were seen to be so variable that the evidence strongly supported the 
theory that the portal of entry was the lung and that the nodules resulted 
from dissemination of the fungi through the blood stream. These lesions 
may resemble either the tuberculous “cold” abscesses or the acute pyo- 
genic type. 

In a review of 63 cases in which there was evidence of bone in- 
volvement, of which group 6 of the patients recovered, Jones and 
Martin!’ observed that in 13 of the patients the primary complaint was 
pain in the back or about the joints of the extremities. The foci of in- 
fection in the bones of the extremities, if located near the epiphysial 
lines, may extend into joints and form pyarthroses, which in turn may 
be attended with drainage to the surface through chronic sinuses. Para- 
vertebral or psoas abscesses may form from extension of lesions of the 
spine. 

Usually the patient succumbs with a widespread infection involving 
not only his lungs, bones, skin and soft tissues, but also the lymph nodes, 
spleen, liver and kidneys. In some cases, the central nervous system, 
prostate gland, heart and peritoneum have been affected. 

The physical signs in pulmonary blastomycosis may resemble 
tuberculosis, pulmonary abscess or neoplasm. Commonly, the signs are 
not as striking as the extent of the lesion might suggest. 


PATHOLOGIC CHANGES 


In the skin, decided and irregular thickening of the prickle cell layer 
is a feature. Also commonly noted are epidermal abscesses, in which the 
budding fungus cells may be seen associated with small round cells, red 


17. Jones, R. R., Jr., and Martin, D. S.: Blastomycosis of Bone: A Review of 
Sixty-Three Collected Cases, of Which Sixg Recovered, Surgery 10:931, 1941. 
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blood cells, debris, neutrophils and giant cells. A cellular infiltrate and 
interstitial and parenchymatous edema of the underlying cutis are 
present.! The epithelial hypertrophy may be so apparent as to suggest 
carcinoma. In either cutaneous or generalized blastomycosis, the most 
characteristic reaction to the organism is abscess formation, although 
chronic inflammation, with giant cells, necrosis and fibrosis, may 
predominate.* 


In the systemic disease, the lungs are more commonly involved than 
any other organ; most writers have stated that the incidence is more 
than 90 per cent. Friedman and Signorelli® quoted Wade and Bel’s 
analysis of 27 cases, in which they observed pulmonary lesions in 26, 96 
per cent of the total. They stated that bones and joints are affected in 
50 to 60 per cent of the studied cases, with most frequent involvement 
of the vertebrae, ribs and skull. The liver, spleen and kidneys are in- 
volved in 40 per cent of cases, the central nervous system in about 30 
per cent and the prostate gland in 20 per cent; however, hepatic and 
splenic lesions are usually small and unimportant. Among other organs 
less frequently invaded are the tongue, larynx, epididymis, heart and 
pericardium. Unlike the involvement in actinomycosis and South Amer- 
ican blastomycosis, the gastrointestinal tract is little affected in this 
disease. Interesting reports of a blastomycoma affecting the cerebel- 
lum!§ and of another which was described as intravertebral and intra- 
thoracic!® have been published. Another unusual case”® was that of a 
woman in whom the disease developed in the pelvis after she had been 
suffering from pulmonary blastomycosis for two years. Surprisingly, 
this patient made a good recovery following panhysterectomy, despite 
the fact that originally she had a high titer of serum antibodies. 


The evolution of the disease following pulmonary invasion is prob- 
ably closely akin to tuberculosis. A primary complex may be established 
in the lungs or bronchial glands." Jones and Martin’ stated that the 
pulmonary infection appears first in the bronchi and these lesions spread 
to become associated with bronchopneumonia in the adjacent pulmonary 
tissue. Enlargement of the mediastinal lymph nodes without obvious 
parenchymal involvement has been noted in a few cases of early disease.7® 
In most instances, dense parenchymatous masses are present in the lung 


18. Craig, W. M., and Carmichael, F. A.: Blastomycoma of the Cerebellum: 
Report of a Case, Proc. Staff Meet., Mayo Clin. 13:347, 1938. 

19. Craig, W. M.; Dockerty, M. B., and Harrington, S. W.: Intravertebral and 
Intrathoracic Blastomycoma Simulating a Dumb-Bell Tumor, South. Surgeon 
9:759, 1940. ° 

20. Hamblen, E. C.; Baker, R. D., and Martin, D. S.: Blastomycosis of the 
Female Reproductive Tract: Report of Case, abstracted, J.A.M.A. 105:1551 
(Nov. 9) 1935. - 
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and may be located near the hilus, projecting into the lung fields in an 
irregular manner, often suggesting a neoplasm. Having entered the 
blood stream from the lung, or the skin, the organisms may be dissemi- 
nated throughout the body to produce multiple metastatic foci; these, 
in their turn, may cause further infection of the blood stream and rein- 
fection of the lungs and other tissues. When the infection is carried 
via the hematogenous route, the pulmonary shadows may resemble 
miliary tuberculosts. Cavitation sometimes occurs, but the cavities are 
usually small. Active pleurisy or pleural fibrosis is usually encountered.* 

In bone the infection may be localized or diffuse osteomyelitis, 
periostitis or arthritis. In the long bones the primary focus usually is 
seen at the epiphysial lines, and at times the areas of destruction may 
simulate infarcts. Microscopic sections show many fungi invading the 
marrow compartments, with the usual cellular reaction, necrosis of the 
marrow cells and bone destruct!on. As the osseous partitions disappear, 
the separate foci may become confluent and form abscesses with separa- 
tion of sequestrums. The joint usually is infected by extension from a 
focus in adjacent bone. The process is overwhelmingly destructive in 
nature. 

The tissue reaction to the presence of the organism may be variable. 
Usually the infected areas show round cell infiltration, not infrequently 
associated with polymorphonuclear leukocytes and giant cells. However, 
blastomycetes may be seen in tissues showing no histologic change, or 
the only alteration noted may be small areas of necrosis. Extensive 
necrosis with abscess formation is common. The typical gross lesions of 
the disease are the cutaneous ulcers, the deep and superficial abscesses 
and the tubercle-like nodules in the viscera.'? 


The close mimcry of tuberculosis by this disease is shown not only 
in the history, clinical course and physical signs, but extends even to 
the microscopic appearance.'! Miller?! expressed the belief that, except 
for the presence of blastomycetes, the lesions are essentially the same, 
but Gaspar?* emphasized that in the mycotic infection the lesions are 
essentially abscesses, miliary or gross, surrounded by polymorphonuclear 
leukocytes. He stated that the rampart of round cell infiltration seen 
around the site of a tubercle is entirely missing in the large majority of 
blastomycotic foci, and concluded that the inflammatory reaction to the 
blastomycetes might readily be called a suppurative granuloma. Giant 
cells of the Langhans type may be noted at the periphery of the lesion, 
and the nuclei commonly have a central position. At times the giant 





21. Miller, W. S.: Reticulum of Lung: Its Similarity in Blastomycosis and 
Tuberculosis, Am. J. Path. 3:315, 1927. 

22. Gaspar, I.: Blastomycotic Meningo-Encephalitis, Arch. Neurol. & Psychiat. 
22:475 (Sept.) 1929. 
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cells show the inclusion of blastomycetes, both active and dead, within 
their protoplasm, as many as 12 being counted in some.'° 


DIAGNOSIS 


A definite diagnosis can be established only by identifying the causa- 
tive organism. A multiplicity of lesions, especially when the lungs, bones 
and skin are involved, suggests a mycotic infection. Failure to demon- 
strate B. dermatitidis in the sputum or in direct smears of pus does not 
necessarily exclude the diagnosis, since the organisms at times may be 
difficult to observe. 

Cultural studies are most important in identifying the particular 
organism. Excellent tables to differentiate the various fungi on histologic 
and cultural grounds have been published in the literature.?* In addition, 
biopsy of cutaneous lesions will often clear up any confusion. Inoculation 
of animals is often an additional aid. 

Friedman and Signorelli*® claimed that for an unequivocal diagnosis 
the organism must be identified in a direct smear from the available 
lesion, it must be grown on suitable culture mediums and biopsy must 
reveal the typical histologic changes and the causative agent. Baker?‘ 
stated the belief that a biopsy which meets these requirements is suffi- 
cient for absolute diagnosis, while Lewis and Hopper’ stated that if the 
budding micro-organism is observed in a direct preparation the diagnosis 
can be made with certainty. On the other hand, Smith?* declared that 
the appearance of the organism in the tissue is often not sufficiently 
characteristic for identification. 

Fortunately, further diagnostic procedures are available in the form 
of the intracutaneous sensitivity test and the complement fixation reac- 
tion, as advocated by Martin and his group. Agglutination tests have 
also been described, but have not proved as useful. Despite all these 
valuable means of investigation, however, the diagnosis is often made 
only by the histologist after an autopsy. 


THE INTRACUTANEOUS TEST 


Jones and Martin’ described the technic as follows: 


The skin tests are done with a heat-killed vaccine, which is prepared by sus- 
pending in sterile saline solution the yeastlike organisms from a culture of B. 
dermatitidis grown on blood agar at 37C. This suspension is centrifuged in a 
Hopkins tube and the sediment suspended in enough saline solution to make a 


23. Smith, L. M.: Blastomycosis and the Blastomycosis-Like Infections, 
J.A.M.A. 116:200 (Jan. 18) 1941. 

24. Baker, R. D.: Tissue Reactions in Human Blastomycosis: Analysis of 
Tissue from Twenty-Three Cases, Am. J. Path. 18:479, 1942. 
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1:1,000 dilution by volume. The standardized suspension is heated to 60C. for 
four hours and tested for sterility by heavily inoculating a blood agar slant and 
incubating at 37 C. for at least ten days. Tricresol, 0.35 per cent, is added as a 
preservative. This material is used for skin testing by injecting 0.1 cc. intra- 
cutaneously. Usually an area of erythema appears about the site of injection 
within fifteen to twenty minutes. This reaction is not specific and is found in 
patients having pulmonary disease of other types. The characteristic positive, 
beginning after twelve to twenty-four hours and reaching a maximum in two to 
four days, resembles closely a positive tuberculin reaction. In very allergic patients 
a sterile abscess may form at the site of inoculation. The occurrence of a positive 
reaction may be taken as presumptive evidence of the presence of blastomycotic 
infection, and this diagnosis is strengthened further by the finding of complement- 
fixing antibodies in the serum of the patient. 
However, in the presence of blastomycosis the reaction is not always 


positive and there is anergy in cases of terminal disease.'® 


THE COMPLEMENT FIXATION REACTION 


The test specific for B. dermatitidis can be done in any laboratory 
equipped to do Wassermann tests of the blood.’* The proportions of 
material and reagents are the same as those used in the Wassermann test 
except for the substitution of the fungus suspension for the beef heart 
antigen. Martin and Smith’ stated that the technic utilizes as antigen 
a saline suspension of blood agar cultures of the living yeastlike organ- 
isms. The dose of antigen used for each series of tests is calculated by 
determining the anticomplementary titer of the freshly prepared sus- 
pension. The antigen prepared in this way has the disadvantage of hav- 
ing a comparatively weak combining titer and necessitates using a freshly 
prepared antigen for each test. This does not make possible accurate 
comparisons of antibody content. A falsely positive reaction in patients 
who did not have blastomycosis was never obtained ; however, the reac- 
tion is not positive in all cases of true infection. 


ROENTGENOLOGIC OBSERVATION 


Although they are not at all characteristic, roentgenograms of the 
chest may be suggestive of a mycotic rather than a tuberculous lesion— 
in the hilar distribution of the lesions, in the fact that the lesions are 
coarser and do not reach the periphery and in that they may show more 
calcification of hilar distribution than in tuberculosis.11 However, the 
disease may present decided variation in the type of pulmonary 
infiltration. 

Roentgenologic studies of bone lesions reveal a decided osteolytic 
reaction, commonly close to the epiphysial lines when long bones are 
involved, with or without abscess formation. Involvement of the neigh- 
boring joint may be revealed. When blastomycosis is suspected, 
roentgenograms of the entire skeleton should be made.*® 
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DIFFERENTIAL DIAGNOSIS 


The clinical picture of cutaneous and systemic blastomycosis is never 
so clear that it cannot be confused with many other diseases.® 

The cutaneous variety is most often mistaken for squamous and 
basal cell carcinomas, tuberculosis verrucosa cutis, nodular ulcerative 





Fig. 3.—Cryptococcus neoformans: 4, pus containing the round thick-walled 
budding fungus surrounded by a capsule (x 850). 8B, india ink preparation of 
spinal fluid, showing the budding fungus surrounded by a capsule (Xx 821). 


syphilids, anthrax, granuloma inguinale, bromoderma, iododerma, tinea 
barbae and other fungus infections. 

The systemic disease may simulate other mycoses, such as crypto- 
coccosis, South American blastomycosis, sporotrichosis, actinomycosis, 
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moniliasis and coccidioidomycosis. In addition, pulmonary abscess, 
sarcoidosis, malignant neoplasms, pneumonoconiosis, tularemia, 
lymphoblastomatous diseases, syphilis, pyemia, osteomyelitis and psoas 
abscess may have to be excluded. However, in the vast majority of cases 





Fig. 4.—Blastomyces brasiliensis. Multiple budding forms from beef infusion 
glucose agar at 37 C. (x 700). 


the disease with which it is likely to be confused is tuberculosis. The 
mycoses simulate tuberculosis more closely than does any other disease. 


DIFFERENTIATION OF B. DERMATITIDIS FROM OTHER FUNGI® 


As previously stated, B. dermatitidis is demonstrated in the tissues 
as thick-walled double-contoured round or oval cells, 8 to 20 microns in 
diameter, and its most salient characteristic is the fact that it multiplies 
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only by budding and forms no mycelia or ascospores in such an environ- 
ment (fig. 1). It produces only a single bud from a parent cell. When 
cultured, the fungus develops as a yeastlike organism, the tissue form, at 
37 C., but changes to a filamentous moldlike organism at room tempera- 











i 
bad 


Fig. 5.—Candida albicans (in sputum) : 4, fresh preparation (< 300). B, gram- 
stained preparation (X< 1350). 





ture (fig. 2). Therefore, specific identification of B. dermatitidis de- 
pends on its differentiation from the other fungi which reproduce by 
budding, which are in the main the organisms of cryptococcosis, South 
American blastomycosis and moniliasis. In addition, budding forms may 
be seen in histoplasmosis and sporotrichosis. 
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Cryptococcus neoformans, the causative agent of cryptococcosis, as 
seen in the tissues resembles B. dermatitidis, in that it is an ovoid to 
spherical single-budding thick-walled yeastlike organism, 5 to 20 
microns in diameter. It is, however, surrounded by a wide refractile 
gelatinous capsule (fig. 3). The most important point which identifies 
it is that cultures of this fungus remain yeastlike regardless of the tem- 
perature at which they are grown. 








Fig. 6.—Histoplasma capsulatum, from blood agar culture (700). 


Blastomyces brasiliensis, the causative organism of South American 
blastomycosis, on the other hand, has the same morphologic and cultural 
features as B. dermatitidis, but differs microscopically in the yeastlike 
phase, as it produces multiple buds from the surface of the parent cell 
(fig. 4). 

Candida albicans, the pathogenic fungus of moniliasis, is seen as small 
oval budding yeastlike cells, 2 to 4 microns in diameter, with or without 
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accompanying mycelial elements. Unlike B. dermatitidis, these cells are 
thin walled (fig. 5). 

Histoplasma capsulatum, the cause of histoplasmosis, differs from all 
other fungi pathogenic to human beings in that it is primarily a parasite 
of the reticuloendothelial system and is rarely seen extracellularly in 








Fig. 7.—Histoplasma capsulatum (from Sabouraud’s glucose agar). A, small 
smooth round to pyriform conidia (X< 600). B, large thick-walled round tuberculate 
chlamydospores (X 1500). 
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tissue. It is visualized as small oval bodies, 1 to 5 microns in diameter, 
in large mononuclear cells in the peripheral blood, sternal bone marrow, 
lymph nodes or tissues obtained by splenic puncture (fig. 6). Budding 
forms are occasionally demonstrated. On culture, characteristic large 
round tuberculate chlamydospores are observed (fig. 7). 





Fig. 8.—Sporotrichum schenkii. A, white colony on Sabouraud’s glucose agar, 
eleven days, at room temperature. B, same stain on corn meal agar, eleven days, 
at room temperature with black pigmentation becoming evident. C, delicate hyphae 
supporting conidiophores termfhated with clusters of pyriform conidia. Sabouraud’s 
glucose agar slide culture (X< 650). 


Sporotrichum schenckii (fig. 8), the organism of sporotrichosis, 
appears as small gram-positive cigar-shaped bodies within the 
polymorphonuclear leukocytes or giant cells, but usually they cannot 
be demonstrated in tissue. After injection into mice, the tissue form 
develops in enormous numbers as small fusiform organisms, 3 to 5 
microns in diameter, which reproduce by budding. 
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Among the nonbudding mycoses are included actinomycosis, 
coccidioidomycosis, geotrichosis and chromoblastomycosis. 

It has commonly been considered that the fungi causing actinomycosis 
belong to two well defined biologic types, namely, anaerobic and aerobic. 
The anaerobic variety consists of a single species, Actinomyces bovis, a 
gram-positive and non-acid-fast organism. The aerobic type has been 
described as comprising several species of the genus Nocardia and is 
also gram-positive, with some acid-fast species. The diagnosis of 





Fig. 9—Coccidioides immitis. Round thick-walled endospore-filled spherule and 
collapsed spherule in pus (> 700). 
actinomycosis has been accepted on demonstration in biopsy of “sulfur 
granules” and separate mycelial segments, which reproduce by simple 
branching only. However, granules may occasionally be present in cer- 
tain bacterial infections, usually by gram-positive Staphylococcus aureus 
or Corynebacterium pyogenes often associated with foreign bodies, and 
may simulate actinomycosis closely, accounting for the terms “botryomy- 
cosis” or “staphylococcic actinophytosis” for a nonmycotic disease. 

Of interest in clarifying the present conception of actinomycosis is the 
recent article by Plummer”® in which he emphasized that the two princi- 
pal causative factors in actinomycosis as it appears in lower animals 
are the anaerobic or microaerophilic organism. A bovis, and the 


25. Plummer, P. J. G.: Actinomycosis: Histological Differentiation of Acti- 
nomycosis and Actinobacillosis, Canad. J. Comp. Med. 10:331, 1946. 
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Fig. 10.—Geotrichum species. Rectangular rounded end forms, arthrospores 
in sputum ( 375). 





Fig. 11—Hormodendrum pedrosoi (chromoblastomycosis). Dark brown septate 
bodies in pus from a lesion (x 825). 
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aerobic bacillus, Actinobacillus lignieresi. He stated preference for 
the term “mycotic actinomycosis,’ or merely “actinomycosis,” for the 
fungus disease and “actinobacillosis” for the bacterial type. He claimed 
that the importance of distinguishing between the two varieties of the 
disease is not always appreciated and stressed that in treatment this 
has resulted in disappointment and confusion. The iodine therapy so 
effective against actinobacillosis is of questionable value against mycotic 
actinomycosis. A. lignieresi probably is the only known gram-positive 
organism associated with rosette formaton. 

Coccidiodes immitis appears in infected material as a large nonbud- 
ding spherical thick-walled structure, 20 to 80 microns in diameter, 
which is filled with numerous small endospores (fig. 9); at times, im- 
mature cells, containing no endospores, are all that can be seen by direct 
examination, and such forms may resemble the nonbudding cells of B. 
dermatitidis. Similarly, species of geotrichum might be confused with 
Gilchrist’s organism, if the less characteristic large spherical cells, 4 to 
10 microns in diameter, predominate over the typical oblong or rectangu- 
lar cells, 4 to 8 microns in size (fig. 10). In chromoblastomycosis, the 
organisms appear as single or clustered round thick-walled dark brown 
bodies. These organisms multiply by splitting and not by budding (fig. 
11). 


CLINICAL CONTRASTS BETWEEN GILCHRIST’S DISEASE AND 
OTHER MYCOSES® 


In South American blastomycosis, the most characteristic single 
clinical feature in practically all cases is enlargement of lymph nodes. 
In the mucocutaneous type the primary lesion appears oftenest on the 
mucosal surface of the tongue, palate, gums, cheeks, lips or nose or on 
the skin around the mouth and nose; in the lymphangitic type localized 
enlargement of lymph nodes commonly occurs in the neck or supra- 
clavicular or axillary regions. The visceral form is believed to effect 
its portal of entry through the intestinal tract and usually causes lesions 
in the liver, spleen, pancreas, adrenal glands, intestines and other ab- 
dominal organs, in sharp contrast with Gilchrist’s disease. Involvement 
of the lungs develops in only 20 per cent of cases, and invasion of the 
skeleton is also far less frequent than in the North American disease. 
The infection, which is nearly always fatal, has not been reported from 
North America. : 

Cryptococcosis, while known as European blastomycosis, is not con- 
fined to Europe, and cases have occurred in the United States. It is 
thought that the fungus enters the body most frequently through the 
respiratory tract. A history of a mild infection of the respiratory tract 
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usually can be obtained from patients suffering from the commonest 
form of the disease, meningitis due to Cryptococcus. Levin, in reviewing 
47 cases from the literature, noted that the central nervous system was 
involved in 30 patients while pulmonary infection occurred in only 9. 
Bone lesions are rare. While primary pulmonary infection does take 
place, involvement of the mediastinum is rarely seen, another point of 
difference between this disease and North American blastomycosis. In 
cutaneous lesions the organisms are present in the absence of miliary 
abscesses, again in contrast with the observations in Gilchrist’s disease. 
The local cutaneous type may heal, but other forms of cryptococcosis are 
commonly fatal. 

C. albicans can be isolated so frequently from the throat, vagina, skin 
and intestines of healthy persons that a diagnosis of moniliasis often is 
difficult to substantiate. Pulmonary infection is indicated only if the 
fungi can be seen constantly on repeated examinations and other causa- 
tive agents can be excluded. The organism causes thrush, perleéche, 
vulvovaginitis and a cutaneous infection which often involves the nails. 
Bronchial moniliasis is common, but usually benign; pulmonary monil- 
iasis is rarer, but a more serious disease. Bone and joint invasion is 
unusual. Patients with the bronchial and pulmonary forms usually re- 
cover, although pulmonary moniliasis occasionally is fatal. The prog- 
nosis is hopeless in patients with endocarditis or meningitis. 


Histoplasmosis rarely has been diagnosed before autopsy, and it has 
been considered to be uniformly fatal. In recent years there has been 
reason to believe that healing by fibrosis may occur, suggesting the possi- 
bility that patients with limited clinically unrecognizable lesions may 
recover. It has also been suggested that healed infection may be the 
cause of widespread minute calcified foci throughout the lung fields. 
The disease is often characterized by chronicity, fever, emaciation, 
anemia, leukopenia, splenomegaly, hepatomegaly, lymphadenopathy and 
ulcerations in the nasopharyngeal cavities and intestines. The bone 
marrow commonly is extensively involved. The lungs practically always 
are infected in cases of generalized disease, but the lesions usually are 
microscopic in size; the hilar lymph nodes may be enlarged. Histoplas- 
mosis manifests itself most typically as a generalized disease, with 
involvement of the reticuloendothelial system. 


Sporotrichosis usually presents such a typical picture that the diag- 
nosis can be established by the clinical observations alone. It is charac- 
terized by the development in the lymph nodes, skin or subcutaneous 
tissues of nodular lesions which soften and break down to form indolent 
ulcers. The localized lymphatic form is the commonest, often being 
confined to one extremity. The disseminated form is rare; the first 
symptom noted is the presence 6f numerous hard subcutaneous nodules 
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scattered on the body, suggesting infection of the blood stream. It is 
unusual for the latter lesions to ulcerate. Primary infections of the 
lungs and other viscera are extremely difficult to prove, and they occur, 
if at all, as rarities. Skeletal and visceral invasion, likewise, is rare. Of 
all the fungus diseases of human beings, sporotrichosis responds best 
to iodide therapy. 

Actinomycosis is the commonest and geographically the most wide- 
spread of the systemic mycoses. It is commonly classified into cervico- 
facial, thoracic and abdominal forms. In the first type, which is the 
commonest, the organism usually gains its entry into the lower jaw, 
particularly in the region of an infected tooth or in the socket left by a 
recent extraction. It gives rise to the familiar “lumpy jaw,” and abscesses 
and multiple sinuses finally develop. Infection of the lung commonly 
results in numerous draining sinuses in the thoracic wall, a rare observa- 
tion in Gilchrist’s disease; the ribs are invaded frequently. In the 
abdominal type, the first symptoms may suggest acute or subacute 
appendicitis. An indistinct irregular mass may be palpated, and sinuses 
may appear in the abdominal wall. Invasion of the liver may produce 
jaundice and give rise to hepatic abscesses. The infection may spread 
to the vertebral bodies, leading to compression of the spinal cord or the 
formation of a psoas abscess. The prognosis is best in the localized 
dermal and cervicofacial types, but it is grave in all other forms. 

Coccidioidomycosis is probably the most infectious of the systemic 
mycoses; the majority of persons who live in endemic areas for any 
length of time acquire the infection. The greatest endemic focus of the 
disease is the San Joaquin Valley in California. Infection may result 
in primary coccidioidomycosis, which usually is an acute, but benign, 
self-limited disease of the respiratory tract, or in progressive 
coccidioidomycos:s, which is a chronic, malignant and disseminating 
affliction. In the primary type the initial symptoms of a mild infection 
of the respiratory tract subside in one or two weeks, but in about 3 per 
cent of cases, allergic manifestations appear three days to three weeks 
after the termination of the febrile period. Fever reappears, and 
lesions resembling erythema nodosum or erythema multiforme occur. 
At times the primary infection may start on the skin or in the sub- 
cutaneous tissues. The disease in about 0.2 per cent of the cases of 
primary infection develops into the progressive, and usually fatal, form. 
When this happens, evidence of dissemination is observed some weeks 
or months after the onset of the primary infection. The lungs become 
invaded, followed later by involvement of the bones, joints, skin, sub- 
cutaneous tissues, internal organs, brain or meninges. The lesions are 
almost identical with those seen in Gilchrist’s disease. 








STARRS-KLOTZ—NORTH AMERICAN BLASTOMYCOSIS 25 


Geotrichosis has been described in only a few instances, but the 
fungus, like that of moniliasis, is not infrequently cultured from the 
mouths and intestinal tracts of normal persons. In the mouth, the disease 
resembles thrush. Bronchial geotrichosis is the most frequently recog- 
nized manifestation of the infection, and it behaves as a chronic benign 
type of bronchitis, with persistent cough and expectoration of a peculiar 
mucoid or gelatinous type of sputum. The rare pulmonary type simu- 
lates tuberculosis. The prognosis is usually good. 

Chromoblastomycosis is a disease essentially confined to the cutaneous 
and subcutaneous tissues. It-is characterized by the formation of warty 
nodules on the skin and later by prominent papillomatous vegetations, 
which may or may not ulcerate. The lesions usually are confined to the 
feet, legs and head. It is not a fatal disease. 


PROGNOSIS 


In cutaneous Gilchrist’s disease the outlook is good as far as life 
expectancy is concerned, but rather unfavorable regarding the possibility 
of cure. Although many cures have been reported, recurrences are 
frequent, the results generally inconstant and the course of the infection 
chronic. Cases have been followed for as long as twenty years. The 
possibility of dissemination is ever present, but this, fortunately, occurs 
in a comparatively small percentage of cases. Occasionally a solitary 
blastomycotic lesion may be cured by surgical excision. 

In systemic blastomycosis, however, all authorities agree that the 
prognosis is uniformly poor. Most writers have stated that the mortality 
rate is oved 90 per cent within three to five years after onset. Fishman® 
estimated the fatality rate as 83 per cent, but Martin and Smith’ stated 
that the percentage of deaths in published reports of cases is 92, if those 
cases which had been followed for less than two years are excluded. 
There are several cases on record in which real cures have been reported, 
but the results in the majority of these instances must be accepted with 
reservation, since the details are inadequate or the period of observation 
too short; it is entirely possible that at least some of the reported cures 
are the result of the immunologic response of the host rather than of the 
treatment employed.® 

Experience with the complement fixation reaction indicates that the 
antibody titer is of importance in determining the degree of infection; a 
high titer indicates extensive infection, while a low titer or negative 
reaction in a patient with blastomycosis usually signifies that the infec- 
tion is not widespread.? A high antibody titer and a negative reaction 
to a cutaneous test indicate an unfavorable prognosis; a more favorable 
course can be anticipated when the reaction to the cutaneous test is 
positive and the reaction to the complement fixation test is negative.’ as 
is usually the case in the localized cutaneous disease. 
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TREATMENT 

In general, the results of treatment of cutaneous and systemic blasto- 
mycosis are unsatisfactory and leave much to be desired.® 

In the cutaneous type, the lesions often respond temporarily to a 
multitude of therapeutic agents, but recurrences are frequent after cessa- 
tion of active treatment. lodides, orally and intravenously, have been 
extensively employed, usually with decided improvement in the majority 
of cases." 

Potassium iodide, in saturated solution, is measured by drops and is 
administered orally in 30 cc. of water. In the slow method, 3 drops are 
given three times daily after meals and the dose is increased by 1 drop 
per day (not 1 drop per dose), until the patient is receiving 20 drops 
three times daily. The dose is then reduced to the starting point and 
gradually increased again to the maximum dose of 20 drops. By the 
rapid method, the initial dose is 5 drops, given three times daily, and the 
dose is increased by 1 drop for each dose, or 3 drops each day. Treat- 
ment with the drug may be stopped when a dose of 20 drops is reached, 
or it may be increased to as much as 100 drops given three times daily. 
If symptoms of iodism appear, treatment with the drug should be dis- 
continued until the symptoms have disappeared; treatment is then 
resumed, beginning with 5 drops per dose. Courses of treatment, by 
either the slow or the rapid method, may have to be continued for 
months and in some cases for years.* When the lesions do not respond 
to this type of treatment, Ormsby is quoted as having suggested the 
intravenous use of arsphenamine to render the organism more susceptible 
to the action of the iodides.® 

In cutaneous blastomycosis, the lesions are usually secondarily in- 
fected with bacteria and local applications of compresses and sulfona- 
mide drugs are of value in controlling the bacterial contaminants. 
Roentgen therapy has been favorably advocated as an adjunct to iodide 
therapy.® 

Among a multitude of other measures which have been tried may 
be mentioned copper sulfate, silver nitrate, solid carbon dioxide, 
methylrosaniline chloride, lead iodide ointment, tincture of iodine, 
bichloride of mercury, phenol, radium implantation, ctirettement and 
cauterization. 

Results of treatment of systemic blastomycosis have been even more 
unsatisfactory. Potassium iodide has been used more extensively than 
any other drug, but the results are discouraging.’ It has usually had no 
effect on the progress of the disease, although temporary improvement 
and even a few cures have been ascribed to it. In some cases there has 
been incontrovertible evidence that actual harm accrued from its use, 
spread of the disease ensuing. If the patient’s allergic reaction outweighs 
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the immunologic response to the infection, iodides are contraindicated. 
If the cutaneous test reveals hypersensitivity, a gradual course of de- 
sensitization should be undertaken, and only after that may small 
amounts of iodides be given with safety. From all present indications, 
best results are obtained when administration of iodides is supplemented 
by the judicious use of roentgen rays, suitable surgical procedures and 
desensitization with vaccines. Ethyl iodide inhalations have been em- 
ployed with some success in a few cases.* 

The proper dilution of vaccine for the first desensitization injection 
can be estimated from the size of the reaction observed in the cutaneous 
test. If the erythematous area is less than 1 cm. in diameter, it is safe 
to administer iodides without desensitization. If the zone is about 2 cm. 
in diameter, the vaccine should be diluted 1 to 100 for the first course; 
whereas, if the cutaneous reaction measures as much as 3 cm., the dilution 
recommended is 1 to 1,000 (which amounts to a 1 to 1,000,000 dilution 
of the original material). If the reaction is larger than 3 cm., it is unsafe 
to inject the vaccine unless it is diluted at least 1 to 10,000. The initial 
dose of the correct dilution should be 0.1 cc., and gradually increasing 
doses should be given no more than every other day. Treatment with 
iodides may be commenced cautiously after about two weeks of vaccine 
therapy, if the cutaneous test reveals a reduction in the degree of allergy. 
Vaccine injections should be continued during the first few months of 
iodide therapy. 

Comparative serologic studies of different strains of B. dermatitidis 
indicate that they are antigenically homogenous, and a stock strain main- 
tained on blood agar can be used as a source of skin-testing material, 
complement-fixing antigen and therapeutic vaccine.” 

Martin and Jones” reported a cure in a patient who was treated with 
iodides, antiblastomyces rabbit serum, roentgen rays and introduction 
of maggots into an osteomyelitic sinus. Fishman® in 1944 published a 
description of a case in which he attributed recovery to the use of ether, 
topically and rectally. However, Friedman and Signorelli® observed 
this treatment to be of no value in their case. Cures following surgical 
excision of the most extensive focus of the infection have also been 
reported.?? 

Antimony potassium tartrate, colloidal copper, methylrosaniline 
chloride, sulfonamide drugs and various other drugs have been utilized 


26. Martin, D. S., and Jones, R. R., Jr.: Systemic Blastomycosis: Report of a 
Case with Unusual Immunologic Findings, Well Two Years After Onset, Surgery 
10:939, 1941. 

27. Hamblen, Baker and Martin.” Gillies, M.: A Case of Blastomycosis, 
Canad. M.A.J. 26:662, 1932. 
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by different observers. Preliminary reports on the use of penicillin like- 
wise have been discouraging. 

Supportive measures, such as rest, sunshine, vitamins and a nutritious 
diet, should always be provided, as spontaneous recoveries occasionally 
do occur. 


All of the illustrations have been reproduced from the manual by Conant and 
his co-workers (Conant, N. F.; Martin, D. S.; Smith, D. T.; Baker, R. D., and 
Callaway, J. L.: Manual of Clinical Mycology, Philadelphia and Lcndon, W. B. 
Saunders Company, 1944). 
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| N THE preceding article was presented a study of North American 
blastomycosis based on a review of the literature. The purpose of 
this communication is to describe the results of a critical analysis of all 
previously reported Canadian cases and to add another report of a case 
to the literature. 

Primrose! presented the first Canadian publication relating to the 
disease in 1909, though he had published an earlier report of this case 
in 1906 in the Edinburgh Medical Journal.* His paper dealt mainly 
with a further description of the same patient from Toronto, but also 
included notes on 3 additional cases. This patient, a 28 year old man 
of English birth, had a history of the disease dating back to January 
1901. He had lived in Chicago for three years prior to the development 
of his disease, which involved the skin of the face, shoulders, neck and 
lower extremities—fourteen different cutaneous lesions in all. Iodide 
therapy caused a disappearance of the malady for over three months, 
and for the next four years his only manifestation of the infection was 
a lesion on the neck. This was excised in 1905, and he was free from 
further trouble for one year, when, after an injury to the right testis, 
a small abscess developed on each side of the scrotum. After rupturing 
spontaneously, typical blastomycotic patches developed, but soon these 
lesions disappeared, only to recur after another eighteen months. At this 


1. Primrose, A.: Second Report of a Case of Blastomycosis of the Skin, with 
Notes on Three Additional Cases of Blastomycetic Infection, Surg., Gynec. & Obst. 
9:5, 1909. 

2. This footnote has been deleted. 

3. Primrose, A.: Blastomycosis of the Skin in Man, Edinburgh M. J. 20:215, 
1906. 
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time the patch on the right side was attached to an indurated nodule 
which involved the epididymis. In November 1908 the cutaneous scrotal 
lesions, together with the right testis and epididymis, were excised. 
There was no recurrence at the time of the final examination six months 
later. Scrapings from the cutaneous patches were said to reveal highly 
refractile double-contoured bodies, which showed evidence of multipli- 
cation by budding. It was stated that blastomycetes were demonstrated 
also in the excised tissues. Inoculation of guinea pigs was unsuccessful. 
The organisms were restricted practically to the miliary abscesses, and 
the histologic description was in keeping with that of Gilchrist’s disease. 
However, Primrose made the statement that blastomycetes in cultures 
show no mycelium. Apparently he did not realize that at room tempera- 
ture the fungus is transformed into its moldlike mycelial phase. While 
he presented an excellent discussion of the differences between the fungi 
of coccidioidomycosis and the “Chicago disease,” as North American 
blastomycosis was also termed, he was not acquainted with the definite 
differentiation between the organism of cryptococcosis (European blas- 
tomycosis) and that of Gilchrist’s infection. Despite this serious inade- 
quacy in the cultural studies, it would seem that this report of a case 
merits inclusion in the category of presumptive cases of cutaneous 
Gilchrist’s disease. 

The second case briefly described by Primrose was that of a market 
gardener, 38 years of age, in whom cutaneous lesions developed on the 
right wrist and the front of the neck. He had been looking after a 
young heifer with a rather extensive cutaneous disease. The author 
stated that he saw typical blastomycetes in scrapings, and the lesions 
disappeared with iodide therapy. However, no proof of the diagnosis 
was presented, so that there was inadequate information given to allow 
acceptance of this case as one of North American blastomycosis. 

Primrose’s third case was that of a farmer of 44 years, in whom 
decided swelling and limitation of movement of the right elbow devel- 
oped shortly after trauma to the part in October 1907. A biopsy was 
performed, and it was stated that blastomycetes, exhibiting the charac- 
teristic features of the budding form, were demonstrated and successful 
cultures were made. The affected tissue was later curetted, but no 
direct connection with the elbow joint was determined. In May 1908 
the elbow presented an appearance like that of a tuberculous joint with 
fusiform enlargement, though the wound had healed. Treatment with 
potassium iodide had produced no benefit. Amputation was performed, 
and no recurrence had resulted at the time of the publication. While 
the disease in this case may have been diagnosed correctly, the details 
are insufficient for acceptance, especially as the history was not too 
characteristic. 
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A fourth case, in which autopsy was performed, was mentioned 
briefly by Primrose, who did not present more than a cursory summary 
of it, as he understood that it was to be published in detail by Prof. 
J. J. MacKenzie. Unfortunately, this expectation was not realized. It 
concerned a male patient whose disease was diagnosed as generalized 
blastomycosis, who presented abscesses in the neck, spleen and kidney, 
bronchopneumonia and involvement of the meninges. No proof of the 
diagnosis was advanced. 

In 1911 Shepherd and Rhea* published an outstanding article, in 
which they reported a case of the systemic disease. Their patient was 
an Italian man, aged 25 years, who presented himself at their Montreal 
clinic on Aug. 2, 1910, with an eruption on the nose and on the right 
side of the face, a discharging sinus leading down to diseased bone at 
the sternal end of the right clavicle and a fluctuating swelling over the 
second lumbar vertebra. The onset dated back four months. The 
authors suspected blastomycosis from the appearance of the cutaneous 
lesions, and a biopsy was said to have revealed blastomycetes. There 
was no response to treatment with iodides. One month later examina- 
tion uncovered evidence of a lesion in the base of the right lung, but 
the sputum did not reveal the organism. Pus evacuated from the abscess 
in the lumbar region, however, did disclose the fungus on culture. Be- 
fore the patient’s death, on Dec. 27, 1910, about nine months from the 
onset of the illness, many other lesions developed. 


Autopsy revealed involvement of the skin, bones, pleurae, lungs, 
peritoneum, lymph nodes, kidneys, left adrenal gland, prostate gland 
and esophagus. The osseous invasion included the left tibia, the right 
clavicle, femur, humerus and ulna and the bones of the right foot. 
Microscopically the lesions were characterized by necrosis of the tissues, 
cellular infiltration, giant cells and many spheres with encapsulating 
membranes. The organisms were numerous, were seen both extracellu- 
larly and within the cytoplasm of the giant cells and showed various 
stages of budding. No mycelia or endospores were seen. The organism 
was recovered in cultures several times, and lesions were produced in 
mice. The authors stated that the microscopic examination of cultures 
revealed branching mycelia. No mention was made of demonstrating 
the yeastlike form on blood agar at 37 C. 


At the conclusion of this paper Ormsby and Gilchrist discussed the 
case and apparently accepted the diagnosis. The diagnosis would seem 
to have been established in this report, though the details of the cultural 
studies were not completely adequate. Shepherd, in his final discussion, 


4. Shepherd, F. J., and Rhea, L. G.: A Fatal Case of Blastomycosis, J. Cutan. 
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stated that he had had another case six months previously, in which the 
disease was not recognized until autopsy. This case was not reported, 
and no details were given. 

In 1915 McKenty and Morgan® presented a paper in which they 
described 4 of the 6 cases found in the records of the Royal Victoria 
Hospital in which the disease was diagnosed as Gilchrist’s disease. How- 
ever, in none of these cases was adequate proof submitted to permit 
acceptance of the diagnosis as proved or presumptive. The first case 
concerned an Italian laborer, aged 48 years, in whom a hard swelling, 
about the size of a hazelnut, developed just posterior to the anus one 
year before he was seen by the authors. This lesion was curetted; en- 
larged glands appeared in the inguinal region, and a sinus developed. 
It was stated that pus from the inguinal area showed typical double- 
contoured organisms, but no mention of budding was made and no 
cultural studies were performed. Sections revealed decided epithelial 
hyperplasia, polymorphonuclear leukocytes and giant cells, and the 
organism was seen in scattered areas. The patient was reported to be 
improving. In the second patient, a farmer of 63 years, an ulcerating 
cutaneous lesion developed on the malar eminence on one side of the 
face shortly after he had suffered a slight laceration from a branch of 
a tree. The lesion was excised, and a cure resulted. The pathologic 
report revealed decided hyperplasia of the epithelium, small abscesses 
and giant cells. The only statement bearing on a specific diagnosis was 
the bald declaration that typical blastomycetes were seen. 

McKenty and Morgan’s third case was that of an Italian laborer, 
aged 43 years, in whom a small lesion developed close to the external 
canthus of the right eye in September 1909. This lesion soon ulcerated, 
and in a few months a diffuse swelling appeared in the right temporal 
area, which was incised. It was stated that a peculiar condition was 
observed in the underlying bone. Headaches and chills developed, and 
the patient died on June 14, 1910, less than three months after admission 
to the hospital. Pus from the original lesion was said to have disclosed 
many typical blastomycetes. The autopsy was reported as demonstrating 
mycosis of widespread type, involving the skin, frontal and temporal 
bones, ethmoidal and sphenoidal sinuses, basal meninges, lungs, pleurae, 
pericardium, spleen and retropharyngeal tissues. The organism was a 
spherical body, with a well defined capsule and chromatic granules in 
its interior. It multiplied by fission, one cell producing two others or 
more; a culture showed a growth which was definitely mycelial. While 
multiple budding is characteristic of South American blastomycosis, this 
disease has never been reported from North America. This description 
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would definitely exclude acceptance of the organism as Gilchrist’s 
fungus. 

Their fourth case was that of a 32 year old wife of a farmer, in 
whom a small lesion developed on the tip of the nose two months prior 
to examination by the authors. This gradually enlarged ; similar lesions 
appeared over other areas of the nose, and coalescence occurred, until 
the lower half of the organ was involved. The edges faded gradually 
into the surrounding skin in places, but in other areas the edge was 
heaped up and was dark brown. While this description suggests 
cutaneous Gilchrist’s infection, unfortunately, the writers presented no 
proof of diagnosis other than the statement that examination of the 
pus revealed the organism. 

No further articles on the subject emanated from Canada until 
1930, when McKee® published his paper on blastomycosis of the eye. 
This had been read before the Thirteenth International Congress of 
Ophthalmology at Amsterdam, Netherlands, in September 1929. In 
this presentation the frequency of involvement of the eyelids in blasto- 
mycotic dermatitis with the production of ectropion was discussed. This 
was exemplified in Shepherd and Rhea’s* case. While McKee stated 
that his group had seen “. . . a number of cases, evidently blastomy- 
cosis, in which the organisims were demonstrated only after many 
examinations, or not at all,” his paper did not include a report of a case. 


In 1932 Crich? of the Lockwood Clinic presented a report of an 
unusual case of the disease, involving the gingiva and the jaw. He 
stated that in only 1 other case reported had the infection begun in 
the gums, and in that instance the patient had been in the habit of 
carrying a splinter of some sort in his mouth, suggesting the possibility 
that the infection had been introduced in that manner. His patient had 
been given to plucking blades of grass or hay and keeping them in his 
mouth. The case was that of a 56 year old storekeeper, who presented 
himself on Nov. 25, 1931, with decided epithelial hyperplasia around 
the socket of the lower left central incisor, which had been extracted 
because of a surrounding gingival infection just prior to examination. 
A small ulcer was noted on the buccal surface, and a sinus within this 
ulcer communicated with the socket. The submaxillary glands were 
swollen and hard and appeared to be adherent to the lingual border of 
the mandible. He had suffered toothache on several occasions prior to 
extraction of the tooth. More than one month before his examination, 
the patient had been confined to his home for two weeks with fever, 
cough and night sweats. Hemoptysis had occurred once. Roentgeno- 
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graphic examination of the chest revealed extensive infiltration of the 
apex of the left lung, resembling tuberculosis. Roentgenograms of the 
teeth disclosed entire loss of bone in the area from which the tooth 
had been removed. On December 1, a biopsy of the gingival tissues was 
performed, and the report from the laboratory of the Department of 
Health of Ontario included a diagnosis of blastomycosis, budding hav- 
ing been demonstrated. A few days later lesions appeared on the legs, 
resembling erythema nodosum. 

The case was then referred to Dr. Gordon New at the Mayo Clinic, 
and the diagnosis was said to have been confirmed on biopsy by Broders. 
New employed surgical diathermy to eradicate the lesion in the jaw 
and subsequently used irradiation, with roentgen rays and radium. 
The nature of the pulmonary lesion was a matter of uncertainty, as the 
sputum did not present tubercle bacilli on two occasions and fungi were 
not demonstrated. Crich postulated that if the pulmonary infection 
was tuberculous the gingival lesion represented a primary focus of 
blastomycotic infection, whereas, if pulmonary blastomycosis was the 
cause the lesion in the mouth was secondary and probably due to the 
fungi being present in the mouth from sputum rather than to hema- 
togenous spread. In a personal communication, Crich® stated that the 
patient recovered completely and was still alive. The nature of the 
pulmonary lesion was never definitely determined. 

There was no comment in the paper about the details of the biopsy 
done at the Mayo Clinic and no statement about the investigation of 
the sputum at the clinic. Likewise, no cultural studies were described. 
The reaction to tuberculin was also not stated. Despite these short- 
comings, the diagnosis would appear to be acceptable as presumptive, 
especially as it was confirmed by New and Broders. The nature of the 
pulmonary involvement remains in doubt. 

In 1933 Gaumond?® reported a case from Quebec City, Canada, but 
this report was confusing and the diagnosis unacceptable. It concerned 
11 year old boy admitted to the hospital in June 1931 with the com- 
plaints of weakness, cough, severe pain in the left costovertebral region 
and swelling the size of an orange in the right temporal region, which 
was violaceous and was suppurating from several points. This abscess 
was incised and curetted and healed completely. Staphylococcus aureus 
was seen in the pus. While tests of sputum gave negative results, 
the diagnosis was considered to be tuberculosis, especially as a roentgeno- 
gram revealed a supradiaphragmatic shadow in the left lung. In a short 
time a soft red tumor developed in the posterior region of the left 


8. Crich, A.: Personal communication to the authors. 
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hemithorax, and subsequently several other similar tumors appeared 
close by. These opened spontaneously early in 1932, discharging thick 
yellow pus. Pallor, weakness, anorexia, fever, cough, expectoration and 
dyspnea featured the clinical course of the case. While a lesion devel- 
oped in the base of the right lung, for a time the patient improved and 
the tumors disappeared. Peculiarly, the patient died suddenly on May 
14. Mycosis of some type had been considered the likely diagnosis, 
and the patient was treated with iodides and ultraviolet and roentgen 
rays. Inoculation of a guinea pig did not reveal tuberculosis. A biopsy 
of one of the tumors showed that it was a polymorphous granuloma, 
with small abscesses scattered in the skin. It was thought probable 
that the lesions were due to a type of mycosis, caused ‘by one of the 
group of Blastomyces organisms. Cultures of the pus and sputum 
showed typical yeast cells, with no true filaments. No granules were 
ever seen. 


Postmortem observations included pleural adhesions, foci of bron- 
chopneumonia, a large amount of fluid in the abdomen, thick gelatinous. 
pus between the liver and the diaphragm, a few small abscesses in the 
liver and an abscess in the spleen. Histologic examination was said to 
show that the hepatic lesion was a mycetoma, presenting the character- 
istics of actinomycosis, and that the foci in the lungs and spleen were 
of the same type. Cultures from the pus in the subdiaphragmatic region 
revealed yeast cells and mycelial filaments, but it was not possible to 
identify these organisms positively. It was stated that the postmortem 
diagnosis was mycetoma, with lesions in the liver, lungs, spleen and 
skin, presenting the macroscopic and microscopic features of actinomy- 
cosis, although no granules could be seen and cultures showed yeast 
forms closely resembling blastomycetes. From the report it is difficult to 
understand why actinomycosis was considered so seriously, considering 
the presence of yeast cells and the absence of granules. 


In the same year, 1933, Gillies!® reported a case from the Manitoba 
Sanatorium. His patient was a 15 year old boy, whose first complaint 
was noted in February 1926, when the left foot became swollen and 
painful. Within three weeks the lesion broke down, discharging dark 
green pus, and on May 19 the foot was incised and the fourth and fifth 
metatarsal bones were removed. The process was thought to be tubercu- 
lous. A fortnight later sores appeared on the back of the right leg and 
on the right arm. On admission to the hospital on July 21, the com- 
plaints included cough, expectoration of blood-streaked purulent sputum, 
pain in the chest and back, sore throat, hoarseness, epigastric distress 
and loss of 30 pounds (about 13.6 Kg.) in weight. The boy was ob- 
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served to have large granulating ulcers on the right leg, right arm and 
left foot, which was the site of an extensive osteomyelitis. Roentgeno- 
grams revealed widespread disease throughout both lungs, but tubercle 
bacilli were not seen in the sputum. Following amputation of the left 
foot on August 9, the pathologist made a diagnosis of tuberculous in- 
fection of the bones and soft tissues. A definite improvement in the 
patient’s general health then occurred, but the ulcers on the right arm 
and leg failed to heal. 

Gillies stated that in November a diagnosis of blastomycosis was 
made by Dr. D. F. MacRae and was confirmed by observation of the 
fungus in smears and cultures from the ulcers. A series of intradermal 
tuberculin tests then elicited negative reactions. Administration of 
iodides and heliotherapy resulted in the healing of the ulcers within 
one month. Roentgenograms of Jan. 3, 1927, were described as reveal- 
ing the lungs to be clear and fairly normal in appearance. Before 
blastomycosis was suggested as a diagnosis all expectoration had ceased. 
The patient was discharged on February 24, in good health, and had 
remained well for the six years prior to the publication of the report. 
The author concluded that the early amputation of the foot, the worst 
focus of the disease, apparently enabled the natural defenses of the 
body to overcome the remaining infection. Unfortunately, the absence 
of any morphologic description of the organism and of any details of 
the cultural studies detracts from this otherwise excellent presentation. 
While the history in the case suggests the strong possibility that this 
was an example of systemic Gilchrist’s disease, with recovery following 
surgical treatment, the diagnosis was not proved, but it might be ac- 
cepted as presumptive. 

In 1936 Beregoff-Gillow™ published a paper in which she reported 
the observation of fungi in the sputum of 2 patients in the medical 
service of the Women’s General Hospital, Montreal. The histories 
were not presented, but the claim was made that blastomycosis was 
established as the diagnosis in each instance on the basis of laboratory 
observations. In the first case she stated that budding double-contoured 
organisms of the order Saccharomyces were demonstrated. It was re- 
ported that the organism fermented all sugars, a statement contrary to 
the characteristics attributed to Gilchrist’s organism.1* In addition, 
guinea pigs and rats were successfully inoculated intravenously. The 
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growth of this organism on glucose agar was stated to be luxuriant, 
smooth and white, consisting of round and oval cells and some budding, 
without any mycelium. The complete failure to describe the mycelial 
moldlike phase when grown at room temperature would make it im- 
possible to accept the fungus as having been definitely identified as 
Blastomyces dermatitidis. In the second case the statement was made 
that the organism gave the cultural characteristics of the genus Crypto- 
coccus, thereby eliminating it from consideration as Gilchrist’s organism. 
It is therefore clear that neither case can be accepted as an instance of 
North American blastomycosis. 

Beregoff-Gillow expressed the view that it is absurd to think that 
mycotic diseases are a rarity in this country and stressed the need for 
teaching laboratory workers to recognize the various fungi. She also 
emphasized that trauma, ulcerations of various types, lesions of tubercu- 
lous or syphilitic origin and constitutional disorders, such as diabetes, 
are predisposing factors for the development of mycotic infections. 
Ferguson!* was quoted as stating that mycotic lesions of the lungs are 
as common as tuberculosis and that the two are often associated. How- 
ever, Ferguson’s statement was to the effect that pulmonary mycoses, 
especially moniliasis, were as common as tuberculosis in New Jersey. 
In her concluding remarks, the author claimed that the mycoses are 
easily cured by iodides, if treated early, a statement at variance with 
the views of nearly all authorities on Gilchrist’s disease. 

In 1939 an outstanding paper appeared under the joint authorship of 
Solway, Kohan and Pritzker from the Mount Sinai Hospital, Toronto, 
Canada. Their case was that of a 48 year old Italian fruit peddler, who 
commonly looked after his horse and attended to the chores around the 
stable. He had lived in Toronto for thirty-five years except for a short 
visit to Italy in 1914. In the early spring of 1938 his disease appeared 
with an insidious onset, characterized by cough, weakness and loss of 
weight from his maximum of 240 pounds (about 109 Kg.) to 185 
pounds (about 84 Kg.). When first seen, on May 11, the observations 
included fever, shortness of breath, splenomegaly, hepatomegaly, a 
palpable mass involving the right epididymis, albuminuria and pyuria. 
The roentgenograms of the chest suggested miliary tuberculosis, though 
the individual lesions were somewhat larger and denser than usually 
seen in that disease. A tentative diagnosis of tuberculosis was made. 
On admission to the hospital on July 6, it was observed that a small 
rather innocent-appearing pustule had developed on the left ala nasi 
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and that his prostate gland was enlarged. In addition, he had mild 
diabetes and there was evidence of arteriosclerotic retinopathy. The 
spleen was palpable 3 fingersbreadths below the costal margin, while 
the liver extended down below the umbilicus. 

A roentgenogram of the spine revealed no abnormalities except for 
osteoarthritic changes, but an area of bone destruction was revealed on 
the anterior surface of the tibia, at the junction of the middle and lower 
thirds. The lesion on the nose gradually enlarged and, when incised, 
yielded only a few drops of oily-looking fluid. On July 21, weakness in 
the right leg developed, with loss of sensation to heat and cold and pain 
in the region of the inner border of the tibia. By the next day the left 
leg was also involved, and within two days transverse myelitis was fully 
developed, affecting motor, sensory and sphincteric functions. On July 
23, the nasal mass and the right testis were removed. It was stated 
that blastomycetes were seen in both tissues, and positive cultures were 
obtained from pus in the epididymis and from a superficial pustule 
above the right ankle. On subculture the organism was identified as 
“Zymonema dermatitidis,’ a synonym for B. dermatitidis. Mice were 
inoculated and these organisms were recovered in three days from the 
peritoneal washings. 

The histologist reported that the biopsy revealed areas of frank 
necrosis associated with polymorphonuclear leukocytes, and surrounding 
these lesions was a fibroblastic stroma in which were many giant cells. 
Spherical bodies with a refractile double-contoured shell, some in a 
budding stage, were visualized. The patient died on August 3, after a 
steady downhill course. Autopsy disclosed blastomycotic involvement of 
the lungs, skin, bone, spinal cord, prostate gland and epididymis. The 
enlarged liver and spleen showed only chronic hepatitis and splenitis 
of a nonspecific type. It was stressed that no involvement of the verte- 
brae was seen and that the transverse myelitis was due to direct invasion 
of the spinal cord itself. The authors claimed that this was only the 
third case on record of blastomycosis involving the cord. The myco- 
logic studies in this case were conducted in the laboratory of the 
Department of Health of Ontario. Although the details of the cultural 
studies unfortunately were not reported, it would seem that this presen- 
tation warrants acceptance as at least a presumptive, if not a definitely 
proved, case of systemic Gilchrist’s disease. 

This analysis of the reports of North American blastomycosis 
emanating from Canada leads to the conclusion that only the cases of 
Shepherd and Rhea and of Solway, Kohan and Pritzker could be con- 
sidered for inclusion in the category of proved cases, and even these 
outstanding publications were not entirely complete. Crich’s case could 
be accepted as a presumptive one, but of all the rest only Gillies’ re- 
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port and Primrose’s first case might rate enrolment in this classification. 
In no instance, up to the time of writing, has any Canadian author 
utilized the specific intracutaneous test or complement fixation reaction. 
In addition, most reporters have failed to present complete details of 
the cultural studies to prove the identity of the organism. It is to be 
hoped that future reporters will benefit from these errors of omission 
and that shortly the Canadian literature will be enriched by a publica- 
tion which presents all the evidence for an unequivocably proved diag- 
nosis of North American blastomycosis. 


REPORT OF A CASE 


History.—Mrs. H. G., a 40 year old wife of a farmer, presented herself on 
May 3, 1943, with the complaint of pain above the right lower costal area, in the 
axillary region, with radiation anteriorly under the breast. The onset of the pain 
dated back three weeks. It had been constant, but varied considerably in intensity ; 
at no time had it been acute. In the main it appeared to be a dull aching discom- 
fort. It was aggravated slightly by twisting or bending movements and incon- 
stantly by deep inspiration. There were no other symptoms of any sort. 

The past history was noncontributory. In fact, she had never had any sig- 
nificant illnesses or operations. She had, however, been treated for hypochromic 
microcytic anemia in 1938, which had responded readily to iron therapy. She had 
not been outside the environs of her community in many years. She had had 
6 children, all of whom were living and well. Both parents were alive and in 
good health. Her only brother had died in infancy, but 2 sisters were in robust 
health, 1 of whom had made a good recovery from minimal pulmonary tubercu- 
losis. One sister died at the age of 28 years from septicemia following a mis- 
carriage. 


Physical Examination.—The initial examination revealed a well developed and 
well nourished white woman, with no objective evidence of ill health. Her height 
was 5 feet 4 inches (about 163 cm.) and her weight 137 pounds (about 62 Kg.). 
The temperature was 98 F., the pulse rate was 78, and respirations were 18. The 
head and neck were normal aside from two carious teeth. Lymphadenopathy was 
not present; the thyroid was not enlarged, and the breasts appeared normal. No 
abnormalities were noted incident to the examination of the cardiovascular system, 
lungs and abdomen. The systolic blood pressure registered 112 mm. of mercury 
and the diastolic pressure 70. A hemoglobin estimation was observed to be 90 per 
cent; the Standard Kahn and Wassermann reactions of the blood were reported 
negative. The urine presented no abnormal observations at any time. 


Clinical Course——One week later the patient reported that the pain still was 
present constantly, but inspiration no longer increased its intensity. She was 
unable to lie on the right side with any comfort, but the pain was not as annoying 
as previously. A positive reaction to a tuberculin patch test was obtained, but a 
roentgenogram of the chest revealed no abnormalities (fig. 1). On June 4, 1943, 
she stated that the pain had not changed significantly. Roentgenographic investi- 
gation of the dorsal vertebrae was refused by the patient, as she wished to have 
a therapeutic trial of strapping of the chest. On June 15, she claimed that there 
had been great improvement effected and that she now experienced only incon- 
stant mild aching discomfort. She was convinced that the pain would shortly be 
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eradicated entirely, but promised to report for roentgenologic studies should the 
condition relapse. Her weight at that time was 133 pounds (about 60 Kg.). 

Nothing further was heard from the patient until six months later. On Decem- 
ber 14, she reappeared with the history that the pain had steadily progressed. 
She had undertaken a series of osteopathic treatments and was inclined to blame 
these manipulations for the fact that she had been confined to bed about half of 
the preceding two months. 

The pain was still experienced in the right lower part of the chest, but was 
also noted in the lower portion of the neck. The intensity varied considerably ; it 
might be severe for several days and then gradually improve, only to relapse. 











Fig. 1—Roentgenogram of the chest, May 14, 1943. No lesion is evident. 


She was now unable to lie on either side. The pain was aggravated by flexing 
the neck, and when it was severe she had found raising the arms from the 
shoulders almost impossible to accomplish. Picking up articles from the floor 
could be undertaken only by acutely flexing the knees without bending the back. 

A roentgenogram (fig. 2) revealed a destructive lesion, involving the fourth 
dorsal vertebra and the third to a much lesser extent. No abscess formation was 
evident. Consultation with a radiologist and an orthopedist resulted in a unani- 
mous opinion that the lesion most probably represented metastatic malignant 
growth, with the site of the primary neoplasm undetermined. It was, however, 
felt that the lymphoblastomas and Pott’s disease were not entirely excluded. 


First Hospital Admission—On Jan. 11, 1944, the patient was admitted to the 
public medical ward of the Ottawa Civic Hospital. Prolonged rest in bed, in a 
position of hyperextension of the spine, was advised by the orthopedic consultant. 
A second roentgenogram of the chest, on January 16, failed to reveal a definite 
lesion, although subsequent comparison of this picture with the initial one sug- 
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gested slightly increased linear detail in the upper lobe of the right lung. A gastro- 
intestinal examination, with barium sulfate given rectally, likewise gave negative 
results. Repeated physical examinations failed to disclose the site of a primary 
neoplasm. Investigation of the pelvis, including a diagnostic curettage, threw no 


light on the problem. 








Fig. 2.—Roentgenogram of the spine, Dec. 15, 1943, showing the destructive 
lesion involving the third and fourth dorsal vertebrae. 


Early in March, almost eleven months after the onset of the illness, the patient 
complained of a slight cough for the first time and within ten days experienced 
slight hemoptysis. A few rales could then be heard in the right infraclavicular 
area. The third roentgenogram of the chest (fig. 3), on March 11, revealed an 
extensive parenchymal lesion, involving the right upper lung field. On further 
inquisition at this time, the patient recalled having a “cold” in October 1943, 
which lasted only about one week, during which she remembered coughing up a 
little blood-tinged sputum. While the remarkable delay in the appearance of this 
pulmonary involvement gave rise to considerable discussion among the various 
members of the medical staff, it was considered that it probably represented an 
area of atelectasis secondary to a small bronchogenic carcinoma. During her time 
in the hospital, the patient had an irregular low grade fever, with the temperature 
usually ranging between 98 and 100 F., with occasional peaks of 101 or 102 F. The 
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pulse rate varied between 64 and 96 beats per minute and the respiratory rate 
between 16 and 22. 

Numerous examinations of the sputum failed to reveal tubercle bacilli, but 
mixed bacterial flora were commonly reported, with Micrococcus catarrhalis and 
Streptococcus viridans predominating. Fungi were never identified, but a request 
for a specific search for them, to include special cultures, was not made. The 
erythrocyte count was 5,090,000, with a hemoglobin level of 13.0 Gm. and a 
leukocyte count of 11,450. The blood sedimentation rate showed a fall in one 
hour of 44 mm. Estimation of the serum alkaline phosphatase was 4.4 units. 

















Fig. 3—Roentgenogram of the chest, March 11, 1943, showing extensive 
parenchymal infiltration in the right upper lung field. 


Early in April 1944, pain and slight swelling were noted about the right elbow 
region and a suggestion of erythema about the left ankle. The patient’s general 
condition deteriorated only gradually during her first admission to the hospital, 
which terminated on May 9, at her urgent request, as she wished to spend the 
summer months at her residence. 

On August 16, she was again examined at her farm home, about 20 miles 
outside the city. It was then observed that the spinal pain had subsided, but she 
was greatly distressed by granulomatous ulcerations in the region of the right 
elbow and both ankles, which had developed shortly after her discharge from the 
hospital. 


Second Hospital Admission—The patient was readmitted to the hospital on 
November 2. By this time she was suffering acute pain and was obviously 
cachectic. She had considerable pain in both sides of the chest, which often felt 
as if it were encircled by a vise. Administration of morphine was essential 
prior to dressing the granulomatous ulcers, which were large and deep, 
exposing the underlying structures. She was febrile as before, and the pulse rate 
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varied between 100 and 140 per minute, with a respiratory rate of 24 to 30. The 
red blood cell count was 4,010,000, with a hemoglobin content of 9.8 Gm. and a 
leukocyte count of 22,850. A differential white cell count revealed the following 
percentages: single-lobed neutrophils 34, multilobed neutrophils 46, basophils 1, 
eosinophils 1, lymphocytes 9 and monocytes 9. Cultures from the granulomatous 
areas grew a nonhemolytic Staph. aureus. The urine revealed only a faint trace 
of albumin and presented no Bence-Jones proteins. 





Fig. 4.—Roentgenogram of the right elbow, showing the osteolytic lesion in- 
volving the humerus, radius and ulna. 


A roentgenogram of the chest revealed the lesion in the right lung as before, 
but it was definitely smaller in size. Roentgenograms of the spine disclosed a 
further extension of the osteolytic process in the dorsal vertebrae. The body of 
the fourth dorsal vertebra was practically entirely destroyed, producing consider- 
able kyphosis with angulation of the spine at this level. Decided destruction of the 
margins of the third dorsal vertebra and moderate involvement of the upper 
portion of the fifth, with slight damage to the second and sixth dorsal vertebrae, 
were also noted. Considerable destruction of the posterior arc of the right fourth 
rib was evident, extending out from the spine for a distance of about 3 inches 
(about 7.5 cm.). A few small mottled areas of demineralization were visible 
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about the upper portion of each femur and to a slight extent in the lower half of 
the pelvis. Similarly, roentgenograms revealed irregular mottled decalcification, 
involving the lower ends of the left tibia and fibula. Slight involvement of the 
left astragalus, the tarsals and metatarsals was also evident. The articular surfaces 
of the left ankle joint had almost disappeared. A study of the right elbow area 
(fig. 4) uncovered a mottled osteolytic lesion, the size of a quarter, involving the 
lower end of the right humerus, with similar involvement of the upper end of the 
radius and a much larger area of destructon of the upper portion of the ulna. 


Numerous consultants examined the patient at various times, but, without 
exception, all subscribed to the opinion that the osseous lesions represented 
metastases from a primary bronchogenic carcinoma. The granulomatous ulcerative 
lesions of the skin and subcutaneous tissues did give rise to some misgiving, but 
only the dermatologist considered the possibility of mycotic infection. Unfor- 
tunately, fungi were not identified in direct smears of the material obtained 
from one of these lesions, and cultural studies were not requested. It was sub- 
sequently regretted, of course, that a biopsy had not been undertaken. 


Following the patient’s death, on December 10, an autopsy was performed. The 
following description was abstracted from the pathologist’s report. 


Summary of Gross Postmortem Observations—The body was that of an 
emaciated and cachectic white woman, estimated to weigh 100 pounds (about 45 
Kg.) and appearing to be approximately 40 years of age. The head and neck 
were not remarkable, while the chest was symmetric and the sabdomen scaphoid. 
The skin of the entire body was excessively pale, loose and somewhat inelastic. 
A large irregular sloughing ulcer involved the lower third of the right arm and 
the upper third of the forearm. The margins of the ulcer were slightly heaped up 
and granular, while the base was covered with foul-smelling necrotic debris. The 
lesion had deeply penetrated the underlying soft tissue, exposing the capsule of 
the elbow point, adjacent to which were ragged areas of bone destruction, in- 
volving the radius, ulna and lower end of the humerus. Similar, though smaller, 
lesions were present on both ankle joints; these ulcers also extended into and in- 
volved the regional osseous and articular structures. Apart from a walnut-sized 
soft node palpable in the right axilla there was no evidence of generalized 
enlargement of lymph nodes. 

Thoracic Cavity: The thoracic viscera lay in their usual positions, and the 
thin straw-colored fluid which was present in the pleural spaces and pericardial 
sac was not excessive. The left pleural space was free from adhesions, while the 
apical third of the right lung was intimately bound to the paravertebral gutter by 
unusually dense firm whitish scar tissue, which could be separated only by sharp 
dissection. There was no shifting of the mediastinum, and the heart in situ was 
normal in size and shape. The mediastinal lymph nodes were not significantly 
altered and showed only a moderate amount of anthracosis. 


Heart: The heart, which weighed 340 Gm., was normal in size and shape. 
The valve orifices were normal in circumference and the cusps thin, pliable and 
translucent. The myocardium was firm, but slightly paler than usual. The 
coronary arteries were patent throughout and showed only a negligible degree of 
intimal fatty streaking. 

Lungs: The left lung was clothed by pale, smooth and glistening serosa and 
was soft, pillowy and crepitant on palpation. The cut surface was retracted, dry 
and salmon pink. No areas of consolidation were demonstrable. The bronchi, 
peribronchial lymph nodes and intrapulmonary vessels were normal. 
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The middle and lower lobes of the right lung were likewise normal, resembling 
in all respects those on the opposite side. The upper lobe of the right lung was 
considerably altered. The upper third of this lobe was represented by an ex- 
tremely firm dense creamy white rubbery mass, resembling old fibrous scar tissue. 
This mass was continuous with a fibrosing process which involved the right 
lateral aspect of the adjacent upper four thoracic vertebrae. On section the 
apical portion of this lung was observed to be occupied by a small elongated 
ragged cavity, lined by greenish gray necrotic debris. This cavity communicated 

















Fig. 5.—Low power photomicrograph of the wall and lining of the pulmonary 
abscess, showing myriads of the blastomycetes in the areas adjacent to the 
cavity (hematoxylin and eosin X 130). 


with the main bronchus to this lobe via one of its tertiary ramifications. The 
parenchyma of the lower portion of the upper lobe was slightly indurated, but 
was sharply demarcated from the dense scar tissue surrounding the cavity pre- 
viously described. 

Abdominal Cavity and Viscera: The abdominal viscera lay in their usual 
positions, and no excess of fluid was present. The peritoneal surfaces were all 
smooth and glistening. No gross lesions were demonstrable in the liver, spleen, 
kidneys, adrenal glands, pancreas or pelvic organs. 

Osseous System: As mentioned previously, the right lateral aspect of the 
bodies of the four upper thoracic vertebrae were in direct continuity with the 
scarlike lesion involving the apex of the lung on the same side. It was apparent 
that these structures were involved by a progressively destructive and fibrosing 
process, much of the bone being replaced by creamy or pearly white rubbery scar 
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tissue, throughout which were small pockets containing putty-like necrotic material. 
This was particularly apparent in the region of a compression fracture which 
involved the second thoracic body. 

A similar destructive lesion was observed to involve the coronoid process of 
the right ulna, with destruction of the bone and replacement by dense fibrous 
material containing necrotic foci of similar putty-like material. A pathologic 
fracture had occurred at this site also. 














Fig. 6.—Early tubercle-like lesion in the lung, showing fibrous proliferation, 
giant cells, lymphocytic infiltration and a few blastomycetes (hematoxylin and 
eosin X 130). 


Histologic Changes: Numerous sections from all the grossly demonstrable 
lesions were examined, in addition to sections from the heart, left lung, liver, 
spleen, kidney, adrenal glands, pancreas, uterus, ovaries and thyroid; with the 
exception of the spleen the microscopic picture of the latter viscera was within 
normal limits. 

It was evident that the pathologic processes represented by the lesion in the 
apex of the right lung, the adjacent vertebral bodies, the cutaneous ulcers and the 
regional osseous structures were of an essentially similar type. In addition to the 
routine hematoxylin and eosin stain and iron hematoxylin stain, sections from 
selected areas, stained by Glynn's modification of Gram’s method for bacteria, and 
other sections stained specifically for acid-fast organisms were studied. The most 
characteristic picture was obtained from a study of the pulmonary lesion (figs. 5, 
6, 7,8 and 9). Here the cavity, described previously, which was devoid of 
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contents, was seen to be lined by granulomatous material consisting of proliferating 
fibroblasts together with a few capillaries. 

This granulation tissue was heavily infiltrated with large numbers of lympho- 
cytes, as well as a few scattered plasma cells. Present throughout the more 
superficial layers, that is, in the immediate vicinity of the cavity itself, were large 
numbers of peculiar bodies. These were rounded structures, varying from ap- 
proximately 8 to 20 microns in size and possessed of a highly refractile membrane. 
The nucleus in most instances was rounded in form and fairly homogeneous, 








Fig. 7—Early inflammatory reaction in the lung. The infiltrate is predomi- 
nantly lymphoid. Alveolar structures have been destroyed, but bronchioles still 
persist (hematoxylin and eosin & 130). 


though in some cases it was compressed and displaced to the periphery of the 
cell, thus producing a “signet ring” appearance. A careful search showed many 
of these bodies to possess single buds, the development of which could be traced 
into the formation of similar daughter cells (fig. 10). These bodies, which tended 
to occur in clusters, were interpreted as being typical of the fungus responsible for 
blastomycosis dermatitidis. 

Peripherally, this granulomatous zone merged rapidly into an area charac- 
terized by the formation of extremely dense relatively acellular hyalin-like ma- 
terial, the arrangement of which tended to maintain the ghostlike outlines of 
preexisting structures, such as vessels, bronchi and alveoli. The interstices of 
this scarlike tissue were infiltrated by numbers of lymphocytes and here and 
there large multinucleated giant cells, which in some instances contained the 
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pathogenic bodies previously described in varying stages of degeneration. In 
other areas, the destruction of the parenchyma was not complete and distorted 
bronchioles could be identified surrounded by a dense halo of lymphocytic cells. 
Sections taken from the lungs adjacent to the area of massive scarring showed a 
few extremely early satellite lesions. These were characterized by a rounded 
conglomeration of fibroblasts, moderately heavily infiltrated with lymphocytes, 














Fig. 8.—Early scar in the lung. Lymphocytes and giant cells still persist, but 
no blastomycetes were present in such areas (hematoxylin and eosin < 130). 


containing a few multinucleated giant cells, while, lying in the interstices or within 
the body of the giant cells, parasitic bodies could be identified. 

Sections of bone revealed an essentially similar picture. Scattered areas of 
necrosis were encountered, this being of a fairly homogeneous bland almost caseous 
type. These necrotic foci were marginated by cellular granulations in which the 
blastomycotic bodies were to be seen (fig. 11). The process had extended through 
the cortical bone and had destroyed much of the medullary tissue of the vertebral 
bodies. The medulla of the radius was more extensively involved than the cortex, 
and the impression was gained that the lesion at this site was intrinsic in origin. 

Unfortunately, no epidermis was included in the sections of the cutaneous 
ulcers. The base of the ulcers, however, was seen to consist of extremely dense 
scar tissue studded with multiple necrotic foci undergoing granulomatous organi- 
zation, varying numbers of the parasitic structures being present throughout the 
latter. 
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One section of spleen revealed the presence of a single minute necrotic focus, 
surrounded by an extremely dense hyalin Capsule, infiltrated with lymphocytes 
and containing a few multinucleated giant cells in which the blastomycetes were 
demonstrated (fig. 12). 


It is worthy of note that it was extremely difficult to demonstrate the patho- 
genic structures apart from areas of necrosis or, in the lung, gross cavitation. 


Pathologic Diagnosis: The diagnosis was blastomycosis of lungs, bone and 
skin. 














Fig. 9—Late pulmonary scar. Inflammatory cells have disappeared, and the 
tissue is assuming a dense acellular hyaline appearance (hematoxylin and eosin 


xX 130 


COMMENT 


The investigation of this case fell far from establishing the correct 
diagnosis prior to autopsy. In retrospect it is obvious that the primary 
mistake was the same one stressed by many authors—failure to give 
the mycoses their proper place in the differential diagnosis of osseous 
and pulmonary lesions of obscure causation. However, it would not 
have been possible to make the diagiosis until there were manifestations 
in the lungs, which were not evident until after ten months from the 
onset of the illness. At this point of failure to have the sputum 














50 ARCHIVES OF INTERNAL MEDICINE 


subjected to cultural studies for fungi was the first serious error. 
When the granulomatous ulcérative lesions of the skin appeared, 
the true nature ‘of the disease should have been suspected. Neglecting 
to have cultural studies, animal inoculations and biopsies of the 
cutaneous lesions constituted the second major mistake. The third 

















Fig. 10.—Section from necrotic pulmonary tissue. Several biastomycetes can 
be seen in the central portion of the field‘in various stages of budding (hematoxy- 
lin and eosin X 1300). 


major error of omission concerned the fact that the specific intradermal 
test and the complement fixation serologic test were never carried out. 
The utilization of these aids at any time during the progress of the case 
would have pointed the way, almost certainly, toward the proper diag- 
nosis. All of these regrettable errors were due directly to the one com- 
mon factor—the mycoses were never seriously considerd in the differ- 
ential diagnosis. 

Unfortunately, it fell to the lot of the physician performing the 
autopsy to be the victim of the fourth gross mistake, inasmuch as cul- 
tural studies of the fungi identified in the tissues were not conducted. 
As a consequence, it is impossible to classify the disease in this case 
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as an unequivocally proved example of Gilchrist’s disease. However, 
the demonstration of the typical single-budding organisms in the tissues, 
in conjunction with the clinical features, would seem to be adequate 
evidence to warrant a presumptive diagnosis of North American 
blastomycosis. 

The case history was somewhat unusual, in the fact that it has been 
impossible to find a previously published report wherein the disease 





Fig. 11—Blastomycotic process encroaching on and destroying the vertebral 
cortex. Unusually large numbers of blasomycetes, many budding, are readily seen 
(hematoxylin and eosin < 130). 


manifested itself with root pain as the first complaint, though pain in 
the chest is accepted as a common symptom. Inability to demonstrate 
the pulmonary lesion for such a long time after the onset made the 
problem more confusing, and this was a significant factor in the 
erroneous conclusion that the destructive lesion of the dorsal vertebrae 
represented a metastatic neoplasm. This error is in contrast with the 
usual mistake of considering tuberculosis as the likely diagnosis. It 
seems extremely probable that the primary lesion in this case did origi- 
nate in the lung, but owing to its location in that portion of the pul- 
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monary apex which lies in the paravertebral gutter, the original small 
focus was not visualized on the initial roentgenograms. 


CONCLUSIONS 


This case serves to emphasize once more the necessity for suspecting 
the mycoses in pulmonary and osseous lesions when the diagnosis has 
not been established with certainty and especially when pulmonary, 
osseous and cutaneous lesions coexist. 








Fig. 12.—Solitary splenic lesion, resembling a fibrosed tubercle, with two 
central multinucleated giant cells (hematoxylin and eosin X 130). 


It seems clear that the sputum of many patients with pulmonary 
disease should be subjected to special cultural studies for fungi. In 
addition, it would appear certain that the complement fixation test and 
the cutaneous test should become a necessary part of the investigation 
of obscure pulmonary and osseous diseases. Interesting information 
might be uncovered by studies conducted in tuberculosis sanatoriums 
utilizing these tests in all cases in which repeated search has failed to 
demonstrate tubercle bacilli. 
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SUMMARY 


A critical analysis of all reports of Canadian cases of North Amer- 
ican blastomycosis is presented. 


Another report of a case of the disseminated disease from Canada 
is added to the literature. 


263 Somerset Street West. 
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"Tere has been constant and increasing interest in the time action 
of modified insulins in the search for an ideal preparation capable of 
providing good control for the greatest number of diabetic patients by 
a single daily injection. The introduction of protamine insulin by 
Hagedorn! in 1936 was a major contribution, and in a large number of 
cases the diabetes is satisfactorily controlled with single daily injections 
of protamine zinc insulin. However, it is evident that its time action 
is too prolonged for ideal purposes. Postprandial glycosuria and noc- 
turnal reactions occur in many patients, particularly those with severe 
grades of diabetes. The need for an insulin with activity intermediate 
between that of regular insulin and that of protamine zinc insulin led 
to the development of globin insulin with zinc in 1939 by Reiner, Searle 
and Lang.” This product has also been referred to as globin zinc insulin 
and is commonly called globin insulin; the latter term is used in this 
paper for simplicity, with the understanding that zinc is always present. 
Mixtures* of regular insulin and protamine zinc insulin also have come 
into common use. Mixtures containing two to three times as much 
insulin as protamine zinc insulin have been particularly efficient in the 
treatment of severe diabetes. 


Aided by a grant from Burroughs-Wellcome & Co. (U. S. A.), Inc. 

From the Diabetic Service of Wesley. Memorial Hospital and the Northwestern 
University Medical School, Department of Medicine. 
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Globin insulin has been reported* to control the disease in a greater 
number of cases than protamine zinc insulin. Some observers? assert, 
however, that the action of globin insulin is too rapid, that it shows too 
great a tendency to cause afternoon reactions and that it permits too little 
overlapping in effect for best results in treatment of severe diabetes. 


This investigation therefore was undertaken to determine the time 
action of standard® globin insulin and to compare it with ordinary insulin 
and with protamine zinc insulin. The comparisons were made by ob- 
taining many blood sugar curves and urinary sugar curves showing the 
action of single doses of the same size in well stabilized patients with 
diabetes mellitus. The possibility of altering the characteristic time 
action of globin insulin by varying its globin content was also investi- 
gated by the same method of comparison. 


METHOD 


Time action curves were determined by a method*® previously used in studies 
of other insulins. Two patients with diabetes mellitus of moderate severity were 
given weighed meals every four hours day and night. Glucose values of the meals 
were adjusted to compensate for diurnal fluctuation in the amount of sugar in the 
blood and urine after constant and stable hyperglycemia and fractional glycosuria 
had returned and were maintained at preinsulin control leveis for at least twenty- 
four hours. Single 60 unit doses of insulin were given. The concentration of blood 
sugar was determined by the method of Folin and Wu and that of the urine sugar 
by the method of Folin and Berglund. From two to twelve curves were obtained 
for each insulin studied. 

A series of clear globin zinc insulins containing 3.8, 7.6, 19.0 and 38.0 mg. of 
globin per hundred units of insulin was prepared by the method outlined by the 
Food and Drug Administration in the Federal Register.” A 5 per cent solution 
of globin hydrochloride powder was slowly neutralized with sodium hydroxide 
solution. Most of the denatured protein was removed by centrifugation and 
filtration. Its native globin content was determined by nitrogen assay. Native 
globin solution, insulin containing 160 units per cubic centimeter and a solution of 
zinc chloride were then mixed in the proportions necessary to obtain the globin 
contents mentioned. Zinc content was kept constant in this series of insulin 
preparations at 0.3 mg. per hundred units of insulin. The pH was adjusted to 


4. (a) Roberts, J. T., and Yater, W. M.: Comparison of the Clinical Use of 
Protamine Zinc Insulin and Globin Insulin in Equal Doses, Ann. Int. Med. 26:41-66 
(Jan.) 1947. (b) Sindoni, A., Jr.: Fasting Blood Sugar vs. Postprandial Blood 
Sugar as Observed in Normal Individuals, Medical (Non-Diabetic) Patients, and 
Patients with Diabetes, Am. J. Digest. Dis. 13:178-192 (June) 1946. 

5. (a) Peck, F. B.: Insulin Mixtures and Modifications, M. Clin. North 
America 31:343-357 (March) 1947. (b)Protas, M.: Comparative Study of 
Action of Globin Insulin with Other Forms of Insulin. M. Ann. District of 
Columbia 13:254-257 (July) 1944. Colwell.* 

6. Globin Insulin with Zinc, supplied by Burroughs Wellcome & Co. (U. S. A.), 
Inc., New York. 

7. Fed. Register 8:11837 (Aug. 27) 1943. 
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between 3.4 and 3.8. Insulin containing 1.9 mg. of globin per hundred units was 
prepared by mixing standard globin insulin and regular insulin in equal parts. 
This makes a clear insulin containing half as much globin and zinc as standard 
globin insulin. 

Chart 1 shows the method of calculation used to express composite time action 


curves in terms of percentage of average control period values before insulin was 













































































































































































ee ee 

OS fis we. cic i 
a7 Lima ZHU: 
ys za zal 





Chart 1.—Time action of standard globin insulin, showing method of calculation 
to express a composite time action curve as average percentage of average control 
period. 


given. The fine lines in the upper graph show the individual actual blood sugar 
curves for 1 patient receiving standard globin insulin. The heavy line represents 
the average of these values. The average concentrations of urine sugar are shown 
in grams per twenty-four hours. Data for curves on the other patient are shown in 
the same manner in the second graph. These average values were then recalculated 
in percentage of those for the twenty-four hour preinsulin control period and are 
shown for each patient in the third and fourth graphs. These percentage curves 
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for the 2 patients were then averaged, and a final composite curve, considered to 
represent the time action of the insulin studied (in this instance standard globin 
insulin), was obtained, as shown in the lowest graph. The same method of 
calculation was used for each insulin studied, all curves shown subsequently 
representing composite values obtained by such averaging. Insulin effect or activity 
was considered to be present when there was a reduction of 10 per cent or more in 
average values below preinsulin control levels. 


RESULTS 


Chart 2 shows the composite time action curve for standard globin 
insulin compared with those for regular insulin and protamine zinc 
insulin. The globin insulin curve is the composite of six individual 
curves for patient 4 and six for patient B; the regular insulin curve is 
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Chart 2.—Time action of standard globin insulin compared with regular insulin 
and protamine zinc insulin. 


a composite of two curves for patient B and one for patient A. The 
protamine zinc insulin curve likewise combines three curves obtained 
for patient A and five curves for patient B. 

Globin insulin showed a prompt effect in reduction of hyperglycemia 
to 72 per cent of the control level in the first four hours. The maximum 
effect occurred in from eight to sixteen hours, on the average, after 
which it diminished, with hyperglycemia rising to the control levels at 
about thirty-two hours. Prompt reduction in the urine sugar level of 
the first four hours to 65 per cent of the control level occurred, with 
maximum reduction of glycosuria in eight to twenty hours. There was 
slight reduction in the glycosuria of the second day. 

The action of standard globin msulin, therefore, is seen to be inter- 
mediate between that of regular insulin and that of protamine zinc 
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insulin, It is less intense, less prompt and more prolonged than that of 
regular insulin, but it is more rapid, much more intense and less sustained 
than that of protamine zinc insulin. Prompt reduction of hyperglycemia 
with maximum effect at four hours was characteristic of the action of 
regular insulin, after which it rapidly rose to the preinsulin control level. 
The glycosuria also returned to its control level in the middle of the 
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Chart 3.—Effect of variation of globin content on time action of globin insulin. 


first day. Protamine zinc insulin had a gradual onset of effect, with 
maximum intensity at twenty-four hours. The effect persisted into the 
third day, as shown by both the blood sugar curves and the urine sugar 
curves. 

Chart 3 shows the effect of variations in the globin content on the 
time action of clear globin insulin. A preparation containing 1.9 mg. of 
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globin per hundred units of insulin acted more promptly and more in- 
tensely and was less sustained in effect than standard globin insulin 
containing twice as much globin. However, it was less intense and more 
prolonged in action than regular insulin. No second day effect was 
apparent. 

As shown in the lower three graphs in figure 3, globin insulin 
preparations containing 7.6, 19 and 38 mg. of globin per hundred units 
of insulin (from two to ten times the amount contained in the standard 
preparation) were not different in effect from the standard globin 
insulin containing 3.8 mg. of globin per hundred units. It must be real- 
ized, of course, that these preparations containing larger amounts of 
globin were, like the standard preparation, clear preparations maintained 
in solution by adjustment of the pu to 3.4 to 3.8. Probably precipitated 
globin insulins with longer action could be prepared, if that were de- 
sirable. In fact, we have obtained some data, not related here, which 
show that precipitation alters the time activity of clear globin insulin. 


COMMENT 


The time action of globin insulin undoubtedly is intermediate be- 
tween that of regular and that of protamine zinc insulin. There is some 
second day action when it is given in 60 unit doses to patients with 
moderate diabetes, as shown by reduction of the blood sugar levels at 
twenty-four hours and the urine sugar levels after twenty-four hours 
below the control values obtained without the use of insulin. 


Bailey and Marble® have reported results similar to ours in fasting 
diabetic patients. However, other reports have varied, particularly as to 
the duration of insulin effect. Sindoni*® reported the observance of 
initial effect in two to three and one-half hours, with maximum effect 
at eight and one-half hours and a twenty-three hour effect which re- 
sulted in a sugar content well below the preinsulin level. Duncan and 
Barnes® reported maximum daytime effect from morning doses, which 
faded at night. Martin, Simonsen and Homan’ reported insulin ac- 
tivity between midnight and 8 a.m. after morning injections in 11 of 


8. Bailey, C. C., and Marble, A.: Histone Zinc Insulin, Globin (Ziac) Insulin 
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118 :683-690 (Feb. 28) 1942. 
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553-563 (Oct.) 1941. 

10. Martin, H. E.; Simonsen, D. G., and Homan, N. H.: Time Activity Curves 
of Globin Insulin with Clinical Applications, Am. J. M. Sc. 208:321-332 (Sept.) 
1944, 
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30 patients. Mosenthal™ reported insulin effect in two hours, with a 
sixteen to twenty-four hour duration. Protas®® stated the belief that 
there is ordinarily no effect after the first day. The minor conflicts in 
various reports are probably due to differences in the methods employed 
and in the method of interpreting the duration of the insulin effect. In 
this study, insulin effect was considered to be present until hyperglycemia 
returned to within 10 per cent of the control levels. The fact that diet 
conditions were adjusted in such a manner that sugar levels were main- 
tained at constant values in the patients except when insulin effect was 
present makes the duration of effect thus demonstrated for single doses 
convincing. It is realized that patients will vary in their individual 
responses and that the size of the dose determines the timing to some 
extent. However, identical doses of different insulins given to the same 
patient are undoubtedly comparable, and the effects in the 2 patients 
were closely comparable. For purposes of clinical application, however, 
no single method can give anything more than relative information 
concerning various insulins. 

There are three factors which may be altered in an attempt to vary 
the time action of globin zinc insulin: the globin content, the zinc con- 
tent and the pH. This study has shown no significant change in the 
action of clear acid globin zinc insulin when its globin content was in- 
creased from 3.8 to 38 mg. per hundred units of insulin with the zinc 
and the pH kept constant. Differences in the curves caused by insulins 
containing two, five and ten times the globin content of the standard 
preparation were within the limits of error of the method used. The 
38 mg. globin effect appears to be slightly prolonged. However, this 
insulin was given to only 1 patient, and if the curve obtained is com- 
pared with the standard globin insulin curve for that patient (patient 4, 
fig. 1), the difference is seen to be negligible. It is insignificant when 
compared with the effect of the excess of protamine in precipitated 
protamine zinc insulin. A clear (acid) protamine zinc insulin has a 
shorter action than the same modification in precipitated form, as shown 
by Bailey and Marble® and by unpublished data of Colwell’s. 

When the amount of globin and zinc is reduced to one half of that 
in the standard preparation, there is a definite alteration in its action. 
This mixture of standard globin zinc insulin and ordinary insulin has an 
action which is intermediate between the actions of its two component 
parts. It is decidedly more prolonged than that of regular insulin but 
less so than that of standard globin insulin. 

Two curves (not included in this report) obtained after administra- 
tion of preparations in which the zinc content of standard globin 


11. Mosenthal, H. O.: Globin Insulin with Zinc in Treatment of Diabetes 
Mellitus, J.A.M.A. 125:483-488 (June 17) 1944. 
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insulin was doubled showed essentially the same timing characteristics 
as those obtained with standard globin insulin. Thus it would seem that 
neither increases in the amount of globin nor increases in the zinc con- 
tent affect the time action of the modified preparation profoundly. De- 
creasing both of them accelerates and intensifies its activity. 

Reiner, Searle and Lang? reported that the duration of insulin effect 
is decreased and the intensity of action is increased in normal rabbits 
when the globin or zinc content is lowered. 


CLINICAL APPLICATION 


Although this investigation was conducted from a purely pharmaco- 
logic point of view, certain therapeutic applications of the findings are 
fairly obvious. They are as follows: 

1. In therapeutic situations characterized by postprandial glycosuria 
or nocturnal hypoglycemia or both when protamine zinc insulin is used 
in large dosage, globin insulin is certainly indicated. Whether or not it 
will give as good control in such situations as protamine zinc insulin 
mixtures appears to be a matter which will be decided by the method of 
trial and error in each individual case. There is no doubt that, in daily 
morning injections, it will give a more intense daytime insulin effect and 
wear off more rapidly than protamine zinc insulin but still permit some 
degree of overlapping from day to day in doses of 60 units or so. 

2. Acid or clear globin zinc insulin cannot be modified by addition 
of more globin for the purpose of prolonging its activity or making it 
less intense. If such modification is desired in any given case, a more 
appropriate preparation will consist of suitable mixtures of insulin and 
protamine zinc insulin. 

3. If increased promptness of action is desired, globin insulin can 
be supplemented by admixture with ordinary insulin in proportions up 
to about equal parts. Such mixtures might be useful for occasional 
patients who tend to show nocturnal hypoglycemia and giycosuria after 
meals on globin insulin as now manufactured. 

4. The exact relationship of globin insulin to protamine zinc insulin 
mixtures cannot be determined from these studies. It appears likely 
that the standard preparation is approximately similar to the widely 
used 2:1 mixture (two parts of regular or crystalline insulin thoroughly 
mixed with one part of protamine zinc insulin). Studies of the exact 
comparative time action and the predictability of effect of these two 
insulins with intermediate action are now in process and will be reported 
soon. 

SUMMARY AND CONCLUSIONS 


By a method of study based on well stabilized control periods of 
hyperglycemia and glycosuria in diabetes meilitus of moderate severity, 








62 ARCHIVES OF INTERNAL MEDICINE 


the following characteristics of 60 unit doses of various globin insulin 
mixtures in comparison with other insulin preparations were 
demonstrated. 

1. Standard globin insulin has a time action which is fairly rapid, 
showing initial effect within four hours. Its maximum effect is apparent 
in the concentration of blood sugar in eight to sixteen hours and in that 
of urine sugar in eight to twenty hours. This effect persists into the 
second day after the injection is made. Its action is intermediate between 
that of ordinary insulin in solution and that of protamine zinc insulin. 

2. A mixture of equal parts of regular insulin and standard globin 
insulin has an accelerated and shortened action. It is intermediate 
between its two components in this respect. 

3. Increasing the globin content of standard globin insulin from 3.8 
to 38.0 mg. per hundred units of insulin does not appreciably alter its 


time action. 








CARDIAC AMYLOIDOSIS 
Electrocardiographic and Pathologic Observations 


STANFORD WESSLER, M. D. 
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Cy arp1ac amyloidosis is a distinct although rare type of organic 
heart disease in which the clinical findings are believed to be related to the 
variable deposition of amyloid in the pericardium, valves, myocardium 
and smaller blood vessels.1 The purposes of this report are (1) to present 
2 cases of cardiac amyloidosis in which electrocardiograms suggested 
the diagnosis of myocardial infarction, (2) to review the available elec- 
trocardiographic data on cardiac amyloidosis and (3) to comment on 
the relationship of the electrocardiographic findings to the pathologic 
changes in the myocardium. 


REPORT OF CASES 


Case 1.—A. B., a 67 year old widow, was admitted to the Beth Israel hospital 
on Aug. 30, 1946, because of the swelling of the abdomen of two weeks’ duration. 

Sixteen months before her entry she was seen in the outpatient department 
because of headache. Physical examination at that time revealed a blood pressure 
of 210 systolic and 115 diastolic millimeters of mercury; the cardiac apex was 
3 cm. beyond the midclavicular line on percussion, and there was a soft apical 
systolic murmur. There was no evidence of congestive heart failure. Ten months 
before her entry the patient returned because of exertional dyspnea, slight cough 
and edema of the ankles. Blood pressure readings varied between 164 and 145 
systolic and 104 and 80 diastolic. Urinalysis revealed no albumin or sugar; the 
white cells numbered 0 to 1 per high power field, and the specific gravity was 
1.019. Dyspnea and peripheral edema improved after digitalization. 

Two weeks before her entry the patient noted the onset of rapidly progressive 
swelling of the legs and abdomen associated with increasing dyspnea. Pain in the 
chest and paroxysmal dyspnea were absent. 


This study was aided by a grant from the Life Insurance Medical Research Fund. 

From the Department of Medicine, Harvard Medical School and the Medical 
Research Laboratory, Beth Israel Hospital. 

1. (a) Koletsky, S., and Stecher, R. M.: Primary Systemic Amyloidosis: 
Involvement of Cardiac Valves, Joints and Bones, with Pathologic Fracture of the 
Femur, Arch. Path. 27:267 (Feb.) 1939. (b) Dillon, J. A., and Evans, L. R.: 
Primary Systemic Amyloidosis, Ann. Int. Med. 17:722, 1942. (c) Lindsay, S.: 
The Heart in Primary Systemic Amyloidosis, Am. Heart J. 32:419, 1946. 
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Examination showed a chronically ill, dyspneic and orthopneic woman with 
slight icterus and cyanosis. The tongue was red and atrophic. The chest was 
emphysematous, and fine rales were audible at the right base and the right axilla. 
The heart was enlarged to the left and the rhythm regular at a rate of 56. There 
was a soft basal and a louder apical systolic murmur; the blood pressure was 170 
systolic and 90 diastolic. The liver filled the upper half of the abdomen; the edge 
was hard, sharp and nontender and the surface grossly irregular. There were 
ascites and considerable edema of the abdominal wall, the sacrum and both legs to 
the thighs. 

The specific gravity of the urine ranged from 1.013 to 1.020; the sediment 
contained 0 to 10 white cells per high power field. Of 6 specimens, 1 contained 





| 








Fig. 1—Cardiac amyloidosis. Electrocardiogram of patient A. B. on Sept. 5, 
1946. Sinus arrhythmia and bradycardia are present, with a rate of 55 to 70. The 
P-R interval is 0.20 second and the QRS interval 0.09 second. Low voltage is 
evident. There are inverted monophasic QRS complexes in leads V1 and Vz and 
a tiny R wave followed by a notched S wave in lead Vs. T waves are shallow and 
diphasic in leads I, II, III and Vs, Vs, Vs and Ve and upright in leads Vi and V2. 


albumin (1 plus) and 3 gave a green reaction to the test for sugar. Urobilinogen 
was present in the urine in dilutions of 1 to 40 on two occasions. The red blood 
cell count was 4,900,000, with 100 per cent hemoglobin. The leukocytes numbered 
6,200, with 56 per cent neutrophils, 41 per cent lymphocytes and 3 per cent 
monocytes. The reaction of the stool to the guaiac test was 1 plus on two occasions. 
The reactions to Hinton and Kahn tests of the blood were negative. The fasting 
blood sugar was 101 mg. per one hundred cubic centimeters on one occasion; the 
icteric index ranged between 16 and 23 units. The serum cholesterol and serum 
esters were 146 and 101 mg. per one hundred cubic centimeters respectively. The 
total serum protein was 5 Gm. per hundred cubic centimeters, with an albumin- 
globulin ratio of 1. The blood sodium content as sodium chloride was 638 mg. 
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per hundred cubic centimeters. The blood nonprotein nitrogen ranged from 
31 to 52 mg. per hundred cubic centimeters. The prothrombin time on the 
patient’s admission to the hospital was 19.4 seconds (normal control, 13.7 seconds), 
and one week later it was 20.9 seconds (normal control, 14.3 seconds). The 
“decholin” circulation time and the venous pressure on admission were 19 seconds 
and 200 mm. of water respectively. 

On roentgenologic examination the heart was enlarged to the left and right and 
the lungs were congested. 





EEE 





Fig. 2—Cardiac amyloidosis. Electrocardiogram of patient A. B. on Sept. 10, 
1946. Sinus bradycardia is present, with a rate of 58. There is left axis deviation. 
The P-R interval is 0.24 second and the QRS interval 0.10 second. There is an 
inverted monophasic QRS complex in lead V:, a tiny R wave in lead V2 and a 
diphasic T wave in leads I, II, aVL and aVF. There is an inverted T wave in 
leads Vs, Vs, Vs and Ve. Low voltage is evident. 


A twelve lead electrocardiogram on the sixth day in the hospital (fig. 1) showed 
abnormalities, particularly of the Q waves in leads V: and V2 and the low R wave 
in lead Vs, which were interpreted as indicative of probable old anterior myocardial 
infarction. A second electrocardiogram (fig. 2) on the eleventh day showed 
changes characterized by a prolonged P-R interval, taller R waves in leads Vs, Vi, 
Vs and Ve and T wave inversion. 

The patient was afebrile throughout her stay in the hospital. The blood pressure 
readings varied from 140 to 110 systolic and from 70 to 60 diastolic millimeters of 
mercury. Although the patient received adequate amounts of digitalis and mercurial 
diuretics, she grew progressively weaker and apathetic and eventually became 
disoriented and incontinent. She died on the twenty-ninth day in the hospital. 
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Autopsy Observations.’—The principal finding at autopsy was generalized pri- 
mary amyloidosis. This was most pronounced in the heart, liver, spleen and adrenals 
and less pronounced in the lungs, pancreas, kidney and uterus. 

Other observations at autopsy included arteriosclerosis of the aorta, early basal 
lobular pneumonia, dependent edema, ascites, icterus, congestion of the gastro- 


ee. 





Fig. 3.—Roentgenogram of the unrolled heart (Schlesinger method) showing 


normal coronary arteries: no calcification, narrowing, occlusion or interarterial 


anastomoses are demonstrated. 





A 46-104 






MID oss injected into Lett Cor Ht. WI, 439qm 


EG moss injected into Right Cor 


Fig. 4.—Diagram of injected heart showing location of microscopic sections. 
LD indicates left descending coronary artery, LC left circumflex coronary artery, 
RC right coronary artery and A-V labeled multiple sections taken for microscopic 


study. 





2. Dr. Monroe J. Schlesinger offered guidance in the preparation of the patho- 


logic material. 
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intestinal tract, bile stasis, early cirrhosis of the liver, cholesterolosis of the gall- 
bladder, hyaline arteriolopathy of the spleen, multiple calcified involutional nodules 
of the thyroid, fibroma of the kidneys, multiple leiomyomas of the uterus, focal 
adenomyosis and cystic atrophy of the endometrium. 

The heart weighed 439 Gm. It was free from softening, fibrosis, abscess or 
tumor; the myocardium was red-brown and waxy. The pericardium, the epicardial 
and endocardial surfaces of the heart and the valves revealed no pathologic changes. 

The coronary arteries, injected, examined roentgenologically and dissected after 
the method of Schlesinger,’ revealed no evidence of calcification, narrowing, occlu- 
sion or anastomoses in the visualized coronary tree (fig. 3). 














ut 








Fig. 5.—Representative area of myocardium showing diffuse and extensive 
deposition of amyloid between the sarcolemma of muscle fibers and the endothelium 
of interstitial capillaries. Dark-staining areas represent atrophic muscle fibers. 
Hematoxylin and eosin stain, 90; wratten B filter. 


Numerous multiple sections were taken from representative portions of the 
heart, as indicated in figure 4. Microscopically these sections revealed diffuse 
and extensive deposition of amyloid between the sarcolemma of the muscle fibers 
and the endothelium of the interstitial capillaries. The myocardial fibers were 
atrophic, and every section revealed areas, in some instances amounting to two or 
three adjacent low power fields, where muscle was almost completely replaced by 
coalescent masses of amyloid (fig. 5). There was no fibrosis or inflammatory 
reaction. : 


3. Schlesinger, M. J.: An Injection Plus Dissection Study of the Coronary 
Arteries, Am. Heart J. 15:528, 1938. 
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All sections contained amyloid in the walls of blood vessels. This was noted 
in capillaries, venules, and arterioles and to a lesser extent in the veins and arteries. 
A conspicuous and frequent finding was the extreme narrowing and complete 
occlusion of many of the arterioles and smaller arteries by the subendothelial 
accumulation of amyloid (fig. 6). The internal diameters of the lumens of occluded 
vessels were found to range up to 0.2 mm. and those of narrowed vessels to 0.4 mm. 
Although amyloid was found in vessel walls with lumen diameters greater than 
0.4 mm., there was no narrowing in these vessels. 

No appreciable differences were observed in either the amount of amyloid 
deposited or the amount of muscle replaced from section to section. There were, 
in addition, no differences in amyloid deposition or muscle replacement between 
the endocardial and epicardial portions of each section. 


Comment.—Careful study pf the heart demonstrated the absence not only of 
myocardial infarction or fibrosis but also of any arteriosclerotic disease of the cor- 
onary arteries. It is, therefore, believed that the electocardiographic picture, which 
suggested infarction, can be ascribed to the effect of amyloid on the myocardium. 


Case 2.—D. L., a 50 year old meat cutter, was admitted to the Beth Israel 
Hospital on Sept. 30, 1946, because of swelling of the abdomen of two months’ 
duration. He had been entirely well until two years before his entry, when he 
noticed the onset of fatigue. Nine months before entry he noted increasing fatiga- 
bility, associated with weakness, anorexia, slight but progressive exertional 
dyspnea and edema of the ankles in the evening. He was seen by his physician 
two months before entry because of pain in the shoulder, paroxysmal nocturnal 
dyspnea and “enlargement of the stomach” associated with epigastric distress 
following meals. He was told that he had a large liver and was advised to enter 
the hospital for further study. There had been a loss of weight of 7 pounds (3.2 
Kg.) in the past six months. There had been no history of pain in the chest. 


Physical examination showed a pale middle-aged man in no acute distress. 
There was slight elevation of the right side of the diaphragm and dulness and 
diminished breath sounds at the base of the right lung; rales were heard at the 
base of both lungs. The heart did not appear enlarged, the apex impulse being 
within the midclavicular line. There were occasional extrasystoles, and a diastolic 
gallop rhythm was heard over the precordium. The pulmonic second sound was 
louder than the aortic second sound. There was a short blowing grade I systolic 
murmur at the apex. The blood pressure was 140 systolic and 64 diastolic. The 
liver was markedly enlarged and slightly tender, and the right lobe was irregular 
though no nodules were palpated. The spleen was felt 3 cm. below the left costal 
margin. There was no peripheral edema. 


The urine showed concentrating power to 1.024. Seventeen specimens were 
normal except for occasional white cells, a 1 plus and a 2 plus reaction for albumin 
in 2 specimens and a green reaction for sugar in 4. Determinations of urobilinogen 
in 8 specimens showed positive reactions in dilutions ranging from 1:10 to 1:80. 


The red blood cell count was 4,500,000, with 90 per cent (13.0 Gm.) hemoglobin. 
The leukocytes numbered 9,400, with 65 per cent neutrophils, 30 per cent lymphocytes 
and 5 per cent monocytes. The stool did not contain mucus or blood on three 
examinations. Reactions to Hinton and Kahn tests of the blood were negative. 

The fasting blood sugar was 119 mg. per hundred cubic centimeters. The 
icteric index was 13 units.: The serum cholesterol and serum cholesterol esters 
were 202 and 99 mg. per hundred cubic eentimeters respectively. The total 
serum protein was 6.5 Gm. per hundred cubic centimeters, with an albumin- 
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Fig. 6.—A, example of extreme arteriolar narrowing produced by subendothelial 
accumulation of amyloid. Dark-staining material in vessel lumen is injected 
radiopaque mass. Congo red stain, X 78; wratten G filter. B, higher magnifica- 
tion of vessel shown in A demonstrating endothelial lining separating injection 
-— in lumen from subendothelial amyloid. Congo red stain, X 250; wratten 

ter. 
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globulin ratio of 1.6. The prothrombin time was 18.6 seconds (normal control, 
14.0 seconds). The “decholin” circulation time and the venous pressure were 16 
seconds and 150 mm. of water respectively. The erythrocyte sedimentation rates 
were 0.45 and 0.1 mm. per minute (normal, 0.08 to 0.35 mm. per minute). The 
sulfobromophthalein test showed 95 per cent retention of the dye in five minutes 
and 35 per cent retention in half an hour. The basal metabolic rate was —12 per 





Fig. 7.—Cardiac amyloidosis. Electrocardiogram of patient D. L. on Oct. 1, 
1946. There are ventricular premature beats, a rate of 85 and left axis deviation. 
The P-R interval is 0.22 second and the QRS interval 0.11 second. There is a 
small Q wave in leads I and aVL and prominent Q waves in leads Vs, Vs, Vs and Ve. 
The QRS complexes are notched, and there is a prominent R wave in lead aVR. 


cent. In a congo red test there was 45 per cent retention of the dye in one hour. 
The cephalin flocculation and galactose tolerance tests both elicited negative re- 
actions. A biopsy of the liver performed on the twentieth day in the hospital 
revealed amyloidosis. Roentgenologically the transverse cardiac diameter was 
16.0 cm. and the transverse thoracic diameter 29.5 cm. 

A twelve lead electrocardiogram on the second day in the hospital (fig. 7) and 
another tracing on the nineteenth day (fig. 8) showed first degree heart block, 
probable incomplete bundle branch block on the right, and Q waves in leads I, 
a VL and Vs, Vs, Vs and Ve suggestive of old anterior myocardial infarction. A 


4. Rourke, D. M., and Ernstene, A. C.: A Method for Correcting the Erythrocyte 
Sedimentation Rate for Variations in the Cell Volume Percentage of the Blood, 
J. Clin. Investigation 8:545, 1930. 
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third tracing on the forty-second day (fig. 9) showed irregularities in the rhythm 
and rate in addition to an inverted monophasic QRS complex in lead Vs. 

During a period in the hospital of sixty-eight days the patient experienced one 
brief episode of pressing substernal pain, relieved by nitroglycerine. Digitalis, 
diuretics and a variety of dietary supplements had no effect on the clinical course. 
Five weeks after discharge the patient was hospitalized at the Veterans Adminis- 
tration Hospital, West Roxbury, Mass., where he died suddenly on March 21, 1947. 
Permission for autopsy was not obtained. 











Fig. 8.—Cardiac amyloidosis. Electrocardiogram of patient D. L. on Oct. 19, 
1946. There is normal sinus rhythm, with a rate of 75. Left axis deviation is 
present. The P-R interval is 0.23 second and the QRS interval 0.11 second. There 
is a small Q wave in leads I and aVL, and there are prominent Q waves in leads 
Vs, Vs, Vs and Ve. A small R wave in lead V:; is followed by a notched wide S wave. 


Comment.—In this case the diagnosis of amyloidosis was established by biopsy 
of the liver. Although confirmation at autopsy is lacking, it is believed that the 
abnormal electrocardiograms recorded represented extensive involvement of the 
myocardium by amyloid rather than by infarction. 


COM MENT 


A review of the literature’ and of the case records of four Boston 
hospitals® has revealed 64 cases of cardiac amyloidosis of unknown 


5. (a) Kalbfleisch, H. H.: Amyloidosis of Heart, Frankfurt. Ztschr. f. Path. 
54:319, 1940. (b) Rodriguez, M., and Valente, P.: Atypical Generalized 
Amyloidosis, Rev. clin. espafi. 10:310, 1943. (c) Sisalo, P., and Ritama, V.: 


(Footnotes continued on next page) 
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, 
origin,’ 11 previously unreported. In all cases with the exception of 
case 2 herein presented the heart was studied after death. Electro- 
cardiograms were recorded in 19 of the 53 published cases but reproduced 
in only 6 instances, whereas they were recorded and available in 6 of 
the unreported cases, including the 2 presented in this paper. Three 
cases in which electrocardiograms were recorded were excluded from 











Fig. 9.—Cardiac amyloidosis. Electrocardiogram of patient D. L. on Nov. 12, 
1946. Sinus arrhythmia, ventricular extrasystoles from different foci, marked 
sinus bradycardia in lead aVR (rate, 26), long sinus pause and left axis deviation 
are present. A small Q wave in leads I and aVL, an inverted monophasic QRS 
complex in lead Vs, a prominent Q wave in leads Vs, Vs and Ve and an early R 
wave followed by a wide-notched S wave in leads Vs, Vs and Ve can be seen. 








Atypical Amyloidosis with Special Consideration of Heart, Acta med. Scandinav. 
116:260, 1944. (d) Wells, A. H., and Goldish, D. R.: Diagnostic Case Report 
(Clinical Pathologic Conference), Minnesota Med. 28:920, 1945. (¢) Eisen, H. N.: 
Primary Systemic Amyloidosis, Am. J. Med. 1:144, 1946. (f) Ranstroém, S.: 
Amyloidosis Myocardii, Acta med. Scandinay. 123:111, 1946. (g) Orloff, J., and 
Felder, L.: Primary Systemic Amyloidosis: Jaundice as Rare Accompaniment, 
Am. J. M. Sc. 212:275, 1946. (h) Diffuse Plasma-Cell Myeloma: Lower 
Nephron Nephrosis (Bence-Jones Proteinuria Type); Atypical or “Primary” 
Amyloid Disease, Involving Muscles, Joints, Heart and Blood Vessels, Cabot 
Case 32231, New England J. Med. 234:763, 1946. Lindsay.’* 

6. In addition to the case reports of the Beth Israel Hospital, records were 
reviewed at the Boston City Hospital through the courtesy of Dr. Lawrence Ellis, 
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further study because they were complicated by the coexistence of 
significant arteriosclerotic coronary artery disease. 

The electrocardiographic findings in the remaining 22 cases* are 
summarized in the accompanying table. It is apparent that although 
there was no uniform pattern some variation from the normal was 
recorded in all instances. Moreover, in 4 cases in which more than one 
electrocardiogram was obtained changes were observed from one 
tracing to the next. These consisted of variations in the T waves® and 
in the P-R interval, QRS duration and Q waves.** 


Analysis of Electrocardiograms in 22 Cases of Cardiac Amyloidosis 


Age.. Sica cates iccoce tak ond coats liao casos ead Phen ns 00s tap en sons sdaaince age nrg ag 57 years 
Sex . we saidanadipisciednavkasa ’ 11 Men, 11 Women 
Congestive heart failure . leueeeen rt Cotter : ‘ a0 
NI 55 concnuncdenscusuntesesssonncsedizaspente ‘ i Kcteadaeesoaicets iio sade . 4 
Hypertension . See eten eecncen et shies cake : 3 
Heart weight F es 240 to 750 Gm.—Average, 463 Gm. 
Cases in which 3 or 4 leads were obtained : . 19 
Cases in which multiple CF leads were obtained 1 


2 


Cases in which unipolar leads were obtained 
No. of Cases 
6 


Prolonged P-R interval. 


Low voltage stench . 12 
Bundle branch block ‘(standard leads ‘only i) aoe 3 
Deep Q waves (in unipolar pene ee 2 
ST and T wave abnormalities .. ; : 12 
Axis deviation TES hy ER aaee 9 


In the 2 cases eeeetnd here, in whe arene limb and precordial 
leads were obtained, the electrocardiograms were suggestive of myo- 
cardial infarction. In case 1 cardiac pain was absent and gross and 
miscroscopic study of the heart did not reveal myocardial infarction or 
fibrosis. This case supports the view of Wilson,!° who recently stated 


at the Massachusetts General Hospital through the courtesy of Dr. J. H. Means 
and at the Peter Bent Brigham Hospital through the courtesy of Dr. George Thorn. 

7. Although cardiac involvement has been noted in the so-called secondary 
type of amyloidosis, it is not as frequent or as extensive as in the atypical or 
so-called primary form of the disease. This report deals only with cardiac 
amyloidosis of the latter type. 

8. (a) Kerwin, A. J.: Idiopathic Amyloid Disease of the Heart, J. Lab. & 
Clin. Med. 22:255, 1936. (b) De Navasquez, S., and Treble, H. A.: A Case of 
Primary Generalized Amyloid Disease with Involvement of Nerves, Brain 61:116, 
1938. (c) Haenisch, R.: Ein Fall von Paramyloidose, Frankfurt. Ztschr. f. 
Path. 52:107, 1938. (d) Binford, C. A.: Primary Amyloid Disease of Myocardium 
and Blood Vessels: Report of Case with Death from Myocardial Failure, Arch. 
Path. 29:314 (March) 1940. (c) Pearson, B.; Rice, M. M., and Dickens, K. L.: 
Primary Systemic Amyloidosis: Report of Two Cases in Negroes, with Special 
Reference to Certain Histologic Criteria for Diagnosis, ibid. 32:1 (July) 
1941. (f) Sappington, S. W.; Davie, J. H., and Horneff, J. A.: Primary 
Amyloidosis of the Lungs, J. Lab. & Clin. Med. 27:882, 1942; (g) Six previously 
unreported cases of primary amyloidosis, with electrocardiograms. Footnotes 1b 
and c and Sa, b, c, d, e and f. 

9. DeNavasquez and Treble.” Footnote 89. 

10. Wilson, F. N.; Johnston, F. D.; Rosenbaum, F. F., and Barker, P. S.: 
On Einthoven’s Triangle, the Theory of Unipolar Electrocardiographic Leads, and 
the Interpretation of the Precordial Electrocardiogram, Am. Heart J. 32:309, 1946. 
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that “it is imperative to avoid making a clinical diagnosis [of myocardial 
infarction] on the basis of electrocardiographic examination, when 
after adequate investigation, it is certain that this diagnosis is not sup- 
ported by the history and other clinical data.’”’ The unipolar leads, 
although of no aid in establishing an etiologic or pathologic diagnosis, 
did indicate better than the standard leads alone the extent, but not the 
location, of the cardiac changes found at the postmortem examination. 

The mechanism by which these electrocardiographic abnormalities 
are produced is not apparent. At least three factors, alone or in combina- 
tion, may be responsible for the findings. They are (1) the narrowing 
and obliteration of the small arteries, (2) the loss of muscle and (3) the 
electrical properties of amyloid itself. 

The extensive replacement and atrophy of muscle may have been 
produced either directly by the pressure of pericapillary and hence 
perimuscular amyloid or secondarily by ischemia from obliterated small 
arterial channels. If the latter mechanism were prominent in the pro- 
duction of the pathologic picture, one might expect to see an increase in 
the normal fibrous stroma or a condensation of it. That such an increase 
was not found lends support to the view that the muscle replacement 
resulted primarily from the perimuscular accumulation of amyloid. In 
such an apparently slow process, however, it is not possible to decide 
by histopathologic evidence to which mechanism the diminution of muscle 
mass was due. 

The large amount of amyloid present in the various sections suggests 
the possibility that this substance may affect the propagation of an elec- 
trical impulse through the heart. The physicochemical properties of 
amyloid and its position in relation to the cell membrane, as well as 
the properties of the cell membrane itself, are not sufficiently understood 
to permit more than a mention of the possible role of this substance in 
the production of the observed electrocardiographic abnormalities. 

SUMMARY AND CONCLUSION 
"1. Cardiac amyloidosis is associated with a wide variety of changing 
electrocardiographic phenomena including prolonged P-R and QRS 
intervals, low voltage, deep Q waves and variations in T waves. 

2. The electrocardiogram in cases of cardiac amyloidosis may be 
indistinguishable from that observed in cases of myocardial infarction. 
‘ Two cases of the latter have been presented, in 1 of which the absence 
of myocardial infarction or fibrosis was conclusively demonstrated by 
careful pathologic study of the heart. 

3. Although the mechanism by which “electrocardiographic infarc- 
tion” is produced in cardiac amyloidosis is not apparent, the existence 
of such patterns emphasizes the need for caution in making a diagnosis 
of myocardial infarction from the electrocardiogram alone. 
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S INCE 1886, when Hirschsprung! published a report entitled “Slug- 
g shness of the Stool in the Newborn, Resulting from Dilatation and 
Hypertrophy of the Colon,” there have been many reports in the medical 
literature describing various aspects of megacolon. Generally, the name 
“Hirschsprung’s disease” has been applied to the cases of megacolon 
reported in the literature but, as Finney? has pointed out, there were 
many reports of cases of megacolon in the literature antedating those of 
Hirschsprung. For this reason, in our opinion the descriptive term 
“megacolon” rather than the less precise eponym should be applied to 
these cases. 

Cases of megacolon are rarely encountered.* Perhaps as a result of 
the rarity of the condition, there have been few descriptions of the gross 
pathologic characteristics of megacolon. There have been a few reports* 
of single cases of megacolon in which the myenteric plexus was studied 
by microscopic pathologic methods. Except for the studies of Etzel’ on 
megaesophagus and megacolon of the acquired type, there has been no 
series of cases reported in which the micropathologic characteristics of 


megacolon were studied. 


Abridgment of thesis submitted by Dr. Whitehouse to the Faculty of the 
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ments for the degree of M.S. in Medicine. 
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The facts known in the past concerning the etiologic factors and 
pathogenesis of congenital megacolon have not been based on studies of 
the micropathologic characteristics of the colon. In the past forty years 
there have been several hypotheses concerning the etiologic factors and 
the pathogenesis of congenital megacolon, all of which were similar in 
their basic principle. Hawkins® in 1907, in a discussion of megacolon, 
stated that “if by congenital inertness of the colon we mean a neuro- 
muscular defect, through which a section of the colon, though it opposes 
no obstacle is yet (continuously or from time to time) incapable of 
forwarding its contents, I believe we have in this the basis of the disease.” 
Alvarez? stated that the simplest explanation for the production of mega- 
colon would be a loss of function in certain ganglion cells in the 
intestinal plexuses. Hurst® stated that he thought megacolon was due 
to a disturbed innervation of the colon which took the form of an under- 
activity of the parasympathetic autonomic fibers to the anal sphincter. 


4. (a)Tittel, K.: Ueber eine angeborene Missbildung des Dickdarmes, Wien. 
klin. Wchnschr. 14:903-907, 1901. (b) Tiffin, M E.; Chandler, L. R., and Faber, 
H. K.: Localized Absence of the Ganglion Cells of the Myenteric Plexus in 
Congenital Megacolon, Am. J. Dis. Child. 59:1071-1082 (May) 1940. (c) 
Brentano: Ueber einen Fall von Hirschsprung’scher Krankheit, Verhandl. d. 
deutsch. Gesellsch. f. Chir. 33:265-268, 1904. (d) Dalla Valle, A.: Ricerche 
istologiche su di un caso di megacolon congenito, Pediatria 28:740-752, 1920; 
(e) Familial Megacolon, ibid. 32:569-599 (May 15) 1924. (f) Cameron, J. A. M.: 
On Aetiology of Hirschsprung’s Disease, Arch. Dis. Childhood 3:210-211 (Aug.) 
1928. (g) Amorim, M., and Correa Netto, A.: Histopathologia e pathogenese 
do megaesophago e megarecto (Consideragdes em torno de um caso de “mal de 
engasgo”), Am. Fac. de med. de Sao Paulo 8:101-127, 1932 (h) Perrot, A., and 
Danon, L.: Obstruction intestinale de cause rare, chez un nourrisson, Ann. d’anat. 
path. 12:157-165 (Feb.) 1935. (i) Robertson, H. E., and Kernohan, J. W.: 
Myenteric Plexus in Congenital Megacolon, Proc. Staff Meet., Mayo Clin. 
13:123-125 (Feb. 23) 1938. 

5. Etzel, E.: (a) Megaoesophagus and Its Neuropathology: Clinical and 
Anatomo-Pathological ’ Research, Guy’s Hosp. Rep. 87:158-174 (April) 1937; 
(b) La dilatacion del eséfago frente a las lesiones del plexo de Auerbach en el 
megaesOfago, Bol. y trab. de la Soc. de cir. de Buenos Aires 21:131-148 (May 
5) 1937; (c) O megacolon e seu conceito moderno, Arch. argent. de enferm. d. 
ap. digest. y de la nutricién 17:123-184 (Dec.-Jan.) 1941-1942; (d) Distribuigao 
geografica 4 do megaesdfago-megacolon: estado atual da teoria etiologica da 
avitaminose B.; estudo de 626 casos, Rev. Assoc. paulista de med. 15:103-158 
(Aug.) 1939; (e) Neuropatologia do megaesOfago e megacolo: estudo de 5 casos, 
Ann. Fac. de med. de Sao Paulo 10:383-395, 1934; (f) O megacolon como 
symptoma de uma doenca systematisada, Brasil-med. 53:823-827 (Aug. 19) 1939. 
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J. 1:477-483 (March 2) 1907. 
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Bockus® recently stated that “the literature on megacolon contains no 
records to support the frequent [our italics] occurrence of degenerative 
or inflammatory changes in the nerve cells of Auerbach’s plexus around 
the anal sphincters. If such changes were found, strong evidence in favor 
of anal achalasia would be at hand.” 

Certain experimental observations on the production of megacolon 
in animals have seemed to support the foregoing hypotheses. Ishikawa? 
stated that in his opinion congenital megacolon is due to a congenital 
disturbance of the sacral autonomic nerves. He sectioned the sacral 
autonomic inflow (parasympathetic) to the colon in 12 dogs and found 
that in 9 constipation developed as the result of this procedure, in 8 
dilatation of the colon developed, 7 had hypertrophy of the colon and 4 
showed degeneration of the “intramural nerve fibers.’’ He also reported 
3 cases of acquired megacolon in which he demonstrated scars of the 
mesosigmoid involving the sacral autonomic nerves. He considered this 
to be the cause of the megacolon in the 3 cases. He also sectioned both 
parasympathetic and sympathetic nerves to the colon in 2 dogs and 
demonstrated the same results as those obtained by parasympathetic 
section alone. Adamson and Aird?! produced megacolon in cats by the 
section of the sacral autonomic fibers. Kleinschmidt!* obtained experi- 
mental results similar to those of Ishikawa and Adamson and Aird. 


On the basis of the foregoing theoretic and experimental observa- 
tions, it has been our feeling that one approach to the study of the origin 
and pathogenesis of congenital megacolon would be the study of the 
myenteric plexus (plexus of Auerbach) of the colon in cases of con- 
genital megacolon in which postmortem examination had been performed. 
The myenteric plexus apparently has as its main function in the colon 
the conduction of stimuli and the coordination of movements! and, as a 
result of such function, would be of importance in any consideration of 
the pathogenesis of congenital megacolon. 


PREVIOUS STUDIES OF THE MYENTERIC PLEXUS IN CASES OF MEGACOLON 


In 1901 Tittel, 4* in a report of 1 case, noted that the ganglion cells 
of the myenteric plexus at various levels of the large intestine were 


9. Bockus, H. L.: Gastro-Enterology, Philadelphia, W. B. Saunders Company, 
1943, vol. 2, p. 404. 

10. Ishikawa, N..: Experimentelle Untersuchungen iiber die Dickdarminnerva- 
tion, insbesondere des Colon descendens et sigmoideum, Mitt. a. d. med. Fak. d. k. 
Univ. Kyushu Fukuoka 7:295-338, 1923; Experimentelle und klinische Unter- 
suchungen tiber die Pathogenese und das Wesen des Megakolons, ibid. 7:339-400, 
1923. 

11. Adamson, W. A. D., and Aird, I.: Megacolon: Evidence in Favour of a 
Neurogenic Origin, Brit. J. Surg. 20:220-233 (Oct.) 1932. 

12. Kleinschmidt, cited by Bockus.° 
13. Alvarez,” p. 46. 
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scanty and showed degenerative changes. He concluded that the normal 
course of peristalsis might have been influenced unfavorably by the 
abnormal state of the myenteric plexus. 

In 1904 Brentano,* in a report of 1 case, stated that the nerve ele- 
ments in the large intestine were weakly developed but failed to state 
from what part the sections were taken. 

In 1920 Dalla Valle** reported a case of congenital megacolon, with 
death of the patient at the age of 10% months. In 1924 he** reported the 
occurrence of megacolon in the child’s brother. In both cases many 
sections of various portions of the large intestine were carefully ex- 
amined, with special reference to the nerve cells of the myenteric plexus. 
This was the first time that a really comprehensive study of the myenteric 
plexus had been made. In the first case the ascending, transverse and 
descending portions of the colon were greatly enlarged but the sigmoid 
flexure was of normal caliber. In the ascending colon the cells of the 
myenteric plexus were few and small, in the transverse and descending 
colon they were normal in appearance while in the sigmoid colon they 
were absent. In the second case the extent of colonic enlargement was 
almost exactly the same; the transition from the descending colon to 
the sigmoid colon was sharply marked, and within a linear distance of 
3 cm. the intestinal caliber returned to normal. The cells of the myenteric 
plexus were normal in number in the appendix, cecum and ascending, 
transverse and descending colon, but in more than 100 sections from the 
sigmoid colon no nerve cells could be found. 

In 1927 and 1928 Cameron" reported studies on 2 cases of megacolon 
apparently congenital in type. He found no change in the myenteric 
plexus of the distended and hypertrophied colon except for some fibrous 
change. The colonic distention stopped at the pelvirectal sphincter, and 
sections taken in this region showed that “in the intermuscular plexus 
of nerve cells the changes are of striking character, the ganglia are re- 
placed by inflammatory cells.’”” Cameron felt that these changes were 
in the nature of a destructive lesion of the nerve ganglions at the 
pelvirectal sphincter. 

In 1932 Amorim and Correa Netto*® reported a case of mega- 
esophagus and megacolon (of the acquired type). In this case there 
were microscopic changes in the plexus of Auerbach of the colon and 
esophagus. 

In 1934 Etzel®” reported briefly on studies of the myenteric plexus 
in 4 cases of megacolon which concomitantly was associated with mega- 
esophagus. He stated that he considered these to be cases of acquired 


14. Cameron, J. A. M.: Oesophagectasia in Child, Arch. Dis. Childhood 2: 
358-360 (Dec.) 1927; footnote 4 f. 
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megacolon and megaesophagus and not cases in which the dilatation was 
congenital in origin. He stated that the myenteric plexus in the lower 
part of the terminal intestine always presented lesions, which were 
described as a disappearance of the nerve cells, and cicatrices of the 
ganglions of the myenteric plexus of the colon. 

In 1935 Perrot and Danon*® reported a case in which an infant died 
at the age of 15 days as a result of intestinal obstruction. The small in- 
testine was dilated and thickened above a constriction in the lower part 
of the ileum. The myenteric plexus became abnormal at the point of 
the constriction, with nerve cells becoming rare from there to the splenic 
flexure. The authors felt that the hypoplasia of the plexus had caused 
a functional obstruction. 


In 1938 Robertson and Kernohan*! were the first in North America 
to describe changes in the myenteric plexus in a case of congenital mega- 
colon. They stated that the ganglion cells and fibers of the myenteric 
plexus were definitely smaller than normal and were vacuolated and 
that the ganglion cells were either absent or imperfectly formed. They 
also mentioned that the same appearance was noted in several other cases 
of megacolon. 

In 1937 Etzel®* reported further studies on the myenteric plexus 
in 8 cases of acquired megacolon. The changes noted were similar to 
those described in the plexus of the esophagus, which were dislocation 
of the nucleus to the periphery, central chromatolysis, microvacuolation, 
macrovacuolation and degeneration of the protoplasm. Pyknosis of the 
nucleus, expulsion of the nucleus, destruction of the neurofibrillar sys- 
tem and neuronophagia were also described. The dendrites were ob- 
served to swell, and their extremities became globular. The alterations 
of the axis-cylinder were classified as cleavage, retraction balls of Cajal, 
“effilochement” of Cajal, argentophilia and thickening and fragmentation. 


In 1940 Tiffin, Chandler and Faber*® reported a careful study of a 
case of congenital megacolon in which the patient was a child 20 months 
of age. There were roentgenographic evidence of progressive dilatation 
of the entire large intestine above the sigmoid flexure without obstructive 
stenosis, absence of effect from a parasympathetic depressant (syntro- 
pan), production of powerful intestinal contractions without propulsion 
of contents by parasympathetic augmenter drugs (neostigmine and 
acetyl-B-methylcholine chloride) and by sympathetic depression (spinal 
anesthesia) and failure of sympathectomy on the left and right lumbar 
regions to relieve the condition. Tiffin and his associates stated that 
“sections, along a taenia coli, of the terminal portion of the dilated 
colon and the grossly normal portion of the sigmoid colon showed a few 
scattered ganglion cells of Auerbach’s myenteric plexus lying between 
the circular and the longitudinal muscle only in the undilated sigmoid 
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colon but none in the 7 cm. above this region.” Unusually abundant 
nerve fibrils were noted in this region. A section taken from the dilated 
transverse colon showed many ganglion cells. Tiffin and his associates 
felt that the evidence strongly suggested that at least in some cases of 
megacolon the primary disturbance is a localized interference with the 
passage of normal peristaltic waves across a given segment of the 
alimentary tract due to defective innervation. This interference, they 
stated, might consist of an inability of the musculature either to relax 
(achalasia) or to contract, either of which disturbances would prevent 
the sequence of alternate relaxation and contraction composing the 
peristaltic wave and thus would render propulsion of intestinal contents 
across the involved segment noneffective. 





TABLE 1.—Collected Series, Reporting Study of Plexus of Auerbach in Cases 
of Megacolon 


























Author and Date \Cases | ~~ Changes Reported 
Tittel (1901) 4a ame | aa Scanty ganglion cells in whole colon 
Brentano (1904) ‘c we Nerve elements of the colon weakly developed 
Dalla Valle (1920 and 1924) ‘d, e ney ~ 2 | Yo nerve cells in sigmoid 


Normal nerve cells in rest of colon 








| inflammatory cells 





Cameron (1927 and 1928) ‘f i 2 | Ganglions near pelvirectal sphincter replaced by 


1 | Degenerative changes in plexus 


Amorim and Correa Netto (1932) 4g 
































Etzel (1937) Sb | 8 | Absence of plexus in distal end of colon 

Perrot and Danon (1935) th a | Hypoplasia of plexus 

Robertson and Kernohan (1938) i es Absence of ganglion cells and other changes in 
| nerve cells 

Tiffin and associates (1940) ¢b re Absence of ganglion cells in sigmoid 

Total 18 | 





Table 1 contains a summary of these studies of megacolon by other 
authors, including a summarization of the changes noted in the myenteric 
plexus. It shows that in 14 of the total of 18 cases for which data were 
collected from the literature there was absence of the zanglions of the 
myenteric plexus in the distal part of the colon or in a part of the colon 
not specified. Six of the 18 were apparently definite cases of congenital 
megacolon, and in these there was absence of the myenteric plexus in 
the distal part of the bowel. Evidence from the cases reviewed thus 
supports the previous hypotheses and experimentai findings and shows 
that there is a disturbance of the normal autonomic innervation of the 
terminal segment of the colon in cases of megacolon and in particular 
in cases of congenital megacolon. It has been our purpose to carry out 
a careful study of the myenteric plexus in a series of cases of congenital 
megacolon observed in one institution. 
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SELECTION OF CASES 


This report has been based on a study of 11 cases of congenital mega- 
colon in the Section on Pathologic Anatomy of the Mayo Clinic. We 
were able to find 13 cases classified as cases of congenital megacolon. 
We were unable to study 2 of these accurately because of the fact that 
surgical removal of part of the colon had been performed and the por- 
tion of the colon available for our study was in several pieces, a circum- 
stance which made identification from the anatomic standpoint 
impossible. These cases were eliminated from the study. All the cases 
fulfilled the criteria for congenital megacolon which we established for 


TABLE 2.—Causes of Death in 10 Cases of Congenital Megacolon 





Cause Cases 





Malnutrition, toxemia, general debility 








3 
Spontaneous perforation of colonic ulcers 3 
2 


Postoperative peritonitis 





Postoperative shock 1 





Intestinal obstruction by huge fecalith } 1 
Total 10 








TABLE 3.—Age Range of Patients Who Had Congenital Megacolon 



































Age, Yr. { No. | % 
Less than 5 |} 5 46 
5 to 9 ak 
10 to 19 tho 
20 to 29 | 3 | a7 
Total | 41 | 100 





this study. Accurate definition of the type of case which was studied 
was felt to be essential. The criteria which we established for the diag- 
nosis of congenital megacolon were: (1) symptoms preferably present 
since birth, though cases were accepted in which the onset of symptoms 
was in early youth; (2) colonic dilatation and hypertrophy of a high 
grade; (3) maximal involvement present in the sigmoid colon, and 
(4) a typical clinical picture, which in essence was that bowel move- 
ments almost never occurred normally and the abdomen was huge, with 
palpable fecal masses, flaring costal margins, roentgenographic evidence 
of colonic dilatation and redundancy and the absence of a lesion, on 
rectal, proctoscopic or general éxamination, that could cause obstruction. 
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CAUSE OF DEATH 


The cause of death was established at the time of postmortem exami- 
nation in 10 of the 11 cases. In the eleventh case the specimen was 
obtained after subtotal colectomy, and the patient made an uneventful 
postoperative recovery. 

Table 2 shows the causes of death in the 10 cases in which post- 
mortem examination was performed. It is of importance to note that 
in 7 of these (70 per cent) the patient died from complications that 
occurred as a natural result of the disease and not as a result of surgical 
intervention. Volvulus, which is fairly frequent in cases of megacolon, 
was not observed in our series. 

The age range of the patients who had congenital megacolon is 
shown in table 3. It can be seen that 64 per cent of the 11 patients were 
9 years of age or younger. This is a general characteristic of any series 
of cases of true congenital megacolon. There were 10 males and 1 
female, which is a greater proportion of males than usual. This fact 
is accounted for by the size of the series. 


METHOD OF STUDY 


The histologic study of the myenteric plexus in cases in which postmortem 
examination had been made presented certain problems which were not present in 
the subject have been performed.” This allowed the use of spuravital staining 
technics and other methods which were not applicable in the study of tissues secured 
at necropsy and preserved in formaldehyde for periods varying from one to thirty 
years. 

We have been unable to find a study of the myenteric plexus under comparable 
conditions which could be used to determine the normal findings in a routine 
necropsy series. As a corollary of the reported study, we have examined material 
in a series of 78 cases to determine the characteristics of the myenteric plexus of 
the colon and the normal variations in its distribution and staining. At the same 
time, we also decided on the staining methods to be used in the main study. 

In our study of the series of cases used as controls, we utilized cases of peri- 
tonitis, intestinal obstruction and a wide variety of other conditions. To rule out 
the factor of selection, we incorporated in the control study a series of consecutive 
cases in which postmortem examination was performed. We have likewise studied 
for the sake of comparison a group of cases in which megacolon was secondary 
to obstructing lesions or considered to be acquired rather than congenital. The 
following are conclusions from the study of our series of control cases which are 
pertinent in the study of the myenteric plexus of the colon in cases of congenital 
megacolon : 


1. Ganglions are present in practically every section taken from the colon. 


2. So-called degenerative changes in the ganglion cells are commonly encoun- 
tered in sections taken under the conditions of the study of the control cases and 
the cases of megacolon. 
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3. Nerve trunks (nonmyelinated) in the location of the myenteric plexus are 
extremely rare in the rectum and in other parts of the colon. 

4. Extreme dilatation of the colon has relatively little effect on the myenteric 
plexus apart from the fact that the ganglions seem to be somewhat more widely 
spaced than normal. 

5. Inflammatory changes in the colon have little effect on the myenteric plexus in 
the majority of instances. 

6. The rectum contained as many ganglions per unit of area as other parts of 
the colon or more. 

7. No separation of ganglion cells into Dogiel type I and type II could be made 
(a finding which has been described by Johnson”¢). This, however, may be due to 
the method of study that we used. 

8. The small cells in relation to nerve fibers and nerve cells we have called 
“supporting cells.” Their exact nature has not been determined by us or others. 


The control study aided us in determining the staining methods which we would 
use in the study of the myenteric plexus of the colon under the conditions of the 
study as mentioned previously. We found that the Bodian** method of silver im- 
pregnation showed the nonmyelinated nerve fibers better than any other method 
and also showed the nerve cells of the ganglions well. The Gros-Bielschowsky 
method” of silver impregnation was used but was found to be satisfactory in a 
minority of the sections treated by this method. The cresyl violet stain was found 
to be excellent for the study of the nerve cells. The hematoxylin and eosin staining 
method was found to be of great general value, but the stains which were more 
specific in their action were frequently found to be necessary in our study. We have 
also used connective tissue stains for certain sections, such as the Mallory- 
Heidenhain, Mallory phosphotungstic acid and Van Gieson stains. These were 
found to be of limited value. 


We took tissue blocks at frequent intervals in the parts of the colon that showed 
the greatest change in the myenteric plexus. When these original sections were 
not adequate for a complete study we recut more blocks so that in each case there 
would be blocks cut from all the necessary locations to prove or disprove that the 
changes were as stated. Each block was cut into four or more sections, and the 
silver impregnation methods of Gros-Bielschowsk)” and Bodian and the cresyl 
violet and hematoxylin and eosin stains were used on each. The sections were cut 


15. (a) Hill, C. J.: VIII. A Contribution to Our Knowledge of the Enteric 
Plexuses, Phil. Tr. Roy. Soc., London, s.B 215:355-387 (June 15) 1927. (6) 
Dogiel, A. S.: Zwei Arten sympathischer Nervenzellen, Anat. Anz. 11:679-687, 
1895-1896. (c) Lawrentjew, B. I., and Sokolowa, M. L.: Zur Lehre von der 
Cytoarchitektonik des peripherischen autonomen Nervensystems, Ztschr. f. mikr.- 
anat. Forsch. 23:527 (March) 1931. (d) Modern, F. S., and Thienes, C. H.: 
Vagal and Sympathetic Endings in the Rabbit Intestines, Science 83:522 (May 
29) 1936. (e) Johnson, S. E.: Experimental Degeneration of the Extrinsic 
Nerves of the Small Intestine in Relation to the Structure of the Myenteric 
Plexus, J. Comp. Neurol. 38:299-314 (April) 1925. (f) Irwin, D. A.: The 
Anatomy of Auerbach's Plexus, Am. J. Anat. 49:141-166 (Sept.) 1931. 

16. Mallory, F. B.: Pathological Technique: A Practical Manual for Workers 
in Pathological Histology Including Directions for the Performance of Autopsies 
and for Microphotography, Philadelphia, W. B. Saunders Company, 1938, pp. 
228-229. 
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1 mm. or more apart, giving a serial section effect. In several of the cases we had 
a serial section of the entire part of the colon that would show any change in the 
myenteric plexus. The study of Irwin”? showed how unlikely it would be to miss 
the ganglions of the plexus completely in a section 2 cm. long if the amount of 
plexus noted in his studies was present in 4 sq. mm. Our series used in the control 
study adequately confirmed this, as we found no section in the hundreds that we 
studied in which we could not find nerve cells of the myenteric plexus. 

We have not studied in detail the plexus of Meissner (submucous plexus) of 
the colon because the consensus is that its function depends on that of the 
myenteric plexus and also because its function is too poorly understood for a study 
to be of value. The subserous plexus, the deep muscular plexus of Drasch and 
Cajal and the internal plexus of Henle mentioned by some writers have not been 
studied for reasons similiar to those stated for the exclusion of the submucous 
plexus. Also, owing to the location of the submucous plexus in the loose connective 
tissue of the submucosa, it would be difficult to be sure whether it was present or 
absent. The myenteric plexus was so confined in its usual location that there was 
no difficulty in determining accurately when it was present and when it was totally 
absent in any given section. In general, we can tentatively state that the plexus 
of Meissner (submucous plexus) seemed to parallel the myenteric plexus in its 
presence or absence. 

Figures 1, 2, 3 and 4 show the gross appearance typical of all the colons used 
in our study. We have primarily used the various anatomic sections of the colon 
to delineate the region from which the sections were taken. In 6 cases (54.5 per 
cent) there was a “normal” terminal segment of bowel, as compared with 57.7 
per cent of a series of clinical cases reported by Whitehouse and others.*8 In some 
cases this terminal segment which was normal or near normal in diameter was 
the rectum; in others the terminal segment was as high as the midsigmoid. We 
have not attempted to delineate accurately the anatomic bounds of this normal 
terminal segment in our cases. We have coined the term “transitional region” to 
apply to the part of the colon in which the maximally dilated bowel suddenly 
narrowed down to a terminal segment of normal size. The photographs of the gross 
specimens show this region clearly. We feel that the use of the term “transitional 
region” is worth while in the delineation of a particular part of the colon in which 
the myenteric plexus demonstrated a change in a good proportion of the cases 
studied. 

In figures 1, 2 and 3 arrows point to the parts of the colon from which tissue 
blocks were removed for study. Some of the photomicrographs have the arrow 
number included in the legends so that reference can be made to the picture of 
the colon in the case referred to. We have included a few photomicrographs from 
control cases to demonstrate the usual appearance of the myenteric plexus to be 
contrasted with the photomicrographs of the sections in which no myenteric plexus 
is present. 

We have reported 5 of the 11 cases in relatively complete fashion and the other 
6 briefly. The similarity of the cases was so marked that an accurate description 
of the customary clinical and pathologic findings seemed to be given adequately in 
the 5 cases selected for detailed presentation. 





17. (a) Mallory,* pp. 227-228. (b) Kernohan, J. W.: Preparation of Neuro- 
logical Material for Histologic Study, Am. J. Clin. Path. 4:410-425 (Sept.) 1934. 

18. Babkin, B. P.: Secretory Mechanism of the Digestive Glands, New York, 
Paul B. Hoeber, Inc., 1944, p. 125. Etzel.5¢ 
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RESULTS OF STUDY OF THE MYENTERIC PLEXUS IN CASES 
OF CONGENITAL MEGACOLON 


Table 4 demonstrates the most important finding made in the study 
of the myenteric plexus in 11 cases of congenital megacolon. In 100 
per cent of the cases studied there was an absence of the ganglions of 
the myenteric plexus (fig. 5) in the terminal portion of the colon. In all 
cases there were ganglions of the myenteric plexus present in the 
descending colon, transverse colon, ascending colon and cecum. There 





Fig. 1—Typical maximal involvement of sigmoid, rapid change to normal 
rectum and gradual diminution of size toward cecum. Locations from which 
blocks of tissue were taken for histologic examination are marked by arrows. Areas 
1 through 6 contained no ganglions, 7 and 8 contained a few and 9 through 12 
contained a moderately diminished number as compared with the normal. 


was thus a change in the myenteric plexus that cocunted distal (toward 
the cecum being proximal and taward the rectum distal) to the descend- 
ing colon in every case. In 80 per cent of the cases in which there was 
a definite transitional region (defined in the section “Method of Study’’) 
there was absence of the ganglions of the myenteric plexus from the 
rectum into the transitional region. In 60 per cent of the cases there 
was absence of the ganglions of the myenteric plexus down to and in- 
cluding the rectum in the distal segment of the sigmoid, which we con- 
sidered to begin just proximal to the transitional region. In 20 per cent 
of the cases studied there was absence of the ganglions of the myenteric 
plexus in the proximal segment of the sigmoid, in the lower part of the 
descending colon and in all parts distal to them. By absence of the 
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ganglions of the myenteric plexus we mean that we were unable to find 
a single identifiable ganglion cell in any part of any section from the 
region mentioned. 














Fig. 2.—Dilated sigmoid and normal rectum. Locations from which blocks of 
tissue were taken for histologic examination are marked by arrows. Areas 1 
through 7 contained no ganglions, 8 contained a few nerve cells and 9 through 11 
contained a normal number of ganglions. 


Figures 6 and 7 demonstrate graphically the absence of the myenteric 
plexus and should be contrasted with figure 8, which demonstrates the 
normal myenteric plexus. Figures 6a and 8 a should be compared with 
each other. They are of approximately the same magnification, and the 
stain in both instances is by the Bodian method. The areas shown are 
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comparable. The absence of the myenteric plexus is thus seen to be 
striking. The different thickness of muscle walls can also be seen. One 
important question cannot be entirely answered, which is, how close to 
the anal sphincter does the absence of the myenteric plexus extend? In 
several cases the specimen included perianal skin, and in these cases 
there was no myenteric plexus in the terminal portion of the rectum. 
We feel that, with the necropsy technic used, we were able to study all 
but the terminal few centimeters of the rectum in all our cases, and 
since there was no evidence of the myenteric plexus being present in 





Fig. 3.—Segment of bowel in center is normal colon for comparison. Locations 
from which blocks of tissue were taken for histologic examination are marked by 
arrows. Areas 1 through 4 contained no ganglions, 5 through 7 contained a few 
and 8 through 17 contained a normal number. Note the normal size of the rectum. 


the terminal portion of the rectum in the several cases in which we had 
complete specimens, it is likely that the changes which we have de- 
scribed are present over the entire terminal segment down to the anal 
sphincter. 

A second observation was made in the study of the 11 cases of 
congenital megacolon, which we can find described only once prev- 
viously.*” In every case studied there was the presence of nonmyelinated 
nerve trunks between the longitudinal and circular muscle layers in the 
distal part of the colon. These were not present in the series of cases 
used as controls, and hence we considered these nerves to be a definite 
part of the pathologic changes of congenital megacolon. The non- 
myelinated nerves were not present to any pronounced degree in the 
part of the colon wh’ch contained ganglions of the myenteric plexus but 
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were always in the part of the colon in which no ganglions of the 
myenteric plexus could be demonstrated. These nerves are not to be 
confused with nerve fibers which are seen in relation to the ganglions in 
the normal plexus. The nerves which we have described are closely 








Fig. 4.—Specimen of colon in figure 3 opened in rectosigmoid region. The 
abrupt transition from the sigmoid to the normal rectum is characteristic. The 
portion of the colon between the two extremes in size we have called the “transi- 
tional region.” 


packed bundles of nonmyelinated nerve fibers with a definite connective 
tissue sheath. The size of the nerves varied considerably in individual 
cases and particularly from case to case. Figures 9 and 10 a show the 
nerves seen in 3 of the cases of megacolon. The variation in size, the 
connective tissue sheath, the location in the usual site of the myenteric 
plexus and the entrance into the colon, as noted in figure 10 a, in com- 
pany with the blood vessels can be well observed. Some of the nerves 








WHITEHOUSE-KERNOHAN—MEGACOLON STUDY 89 


were smaller and some were larger than the ones demonstrated in the 
figures. We are unable to state the part (sympathetic or parasympa- 
thetic) of the autonomic nervous system represented by these nerves ; 
hence their significance is unknown to us. 

Early in our study we were confronted with the question of de- 
generative changes in the nerve cells. This question can be answered, 


TABLE 4.—Sites in Which Ganglions of Myenteric Plexus Are Absent* 
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TABLE 5.—Plexus of Auerbach in Cases of Secondary Megacolon* 
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*0 Signifies absent and + present. 


as noted previously, from the study made on the cases used as controls. 
The series of cases used as controls and the series of cases of congenital 
megacolon demonstrated the same ‘‘degenerative” changes to such a 
degree that we have concluded that none of these should be reported as 
part of the pathologic changes which occurred in congenital megacolon. 
Even under the best of conditions it would be difficult to be sure that 
changes present in the myenteric plexus were not due to age of the speci- 
men, fixation, sectioning or staining. 
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Cameron*t expressed the opinion that inflammatory changes in the 
myenteric plexus are important in the- causation-of megacolon. In our 
study we looked carefully for such changes, but in our cases there was 
no evidence of recent or old inflammatory change in the myenteric plexus. 
In fact, we noted that even in the presence of active suppurative colitis, 
chronic ulcerative colitis and similar conditions there was an “immunity” 
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Fig. 5.—Percentage of cases in which the myenteric plexus was absent from 
the terminal part of the rectum to the indicated level. A rectum of normal size 
as seen in the majority of cases is shown. 


from such involvement of the myenteric plexus. It is our opinion, in 
view of the study, that we have no evidence which would suggest or 
support the hypothesis of inflammatory damage to the myenteric plexus. 

In view of the fact that we have described a part of the colon in 
which the ganglions of the myenteric plexus were absent and another 
part of the colon in which the ganglions were present in more or less 
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normal numbers, the microscopic changes in the “no man’s land” be- 
tween the regions mentioned would be of interest. The accuracy of any 
statements made without serial sections would be exposed to criticism, 
but we felt that our study justified the statement of certain generalities 


in this regard. 











Fig. 6.—a, absence of myenteric plexus in transitional region (from areas 3, 
4 and 5 in figure 1). A, longitudinal muscle; B, usual site of myenteric plexus; 
C, circular muscle (Bodian stain; 55) ; b, absence of myenteric plexus in rectum 
(from areas 1 and 2 in figure 2). A, longitudinal muscle; B, usual site of my- 
enteric plexus; C, circular muscle (Bodian stain; X 60). 
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Fig. 7—a, absence of myenteric plexus of sigmoid colon. A, longitudinal 
muscle; B, usual site of myenteric plexus; C, circular muscle (Bodian stain; < 
50) ; b, absence of myenteric plexus of rectum. A, longitudinal muscle; B, usual 
site of plexus; C, circular muscle (Bodian stain; 275). 
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For the sake of simplicity, we have separated the 11 cases of con- 
genital megacolon under three rough categories. The most common 
finding was a quick change to a relatively normal myenteric plexus in 
the colon proximal to the region in which the ganglions of the myenteric 
plexus were absent. It was our impression that in several cases of this 

















Fig. 8.—a, customary distribution of myenteric plexus in rectum from control 
series. Plexus is well demarcated in zone between longitudinal and circular muscle 
layers. A, longitudinal muscle; B, ganglions ; C, circular muscle (Bodian stain; 
X 50). 6, normal ganglion from case in control series. Compare with figure 11). 
A, nerve ‘cell; B, supporting cell (hematoxylin and eosin; < 425). 
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group the change to a relatively normal plexus occurred in the space of 
a few centimeters. This was considered to be true in 5 of the 11 cases 
studied. The next most common finding was the presence of a few 
scattered ganglions in the segment of colon proximal to the part that 
showed no ganglions of the myenteric plexus. Next to this segment there 























Fig. 9.—a, nerve trunk in rectum (nonmyelinated). A, circular muscle; B, 
nerve trunk; C, longitudinal muscle (Bodian stain; 200); b, nonmyelinated 
nerve trunk in rectum between longitudinal and circular muscle layers. A, nerve 
trunk; B, longitudinal muscle; C, circular muscle (Bodian stain; < 120). 
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was a gradual increase in the number of ganglions and an improvement 
in their general appearance until a relatively normal myenteric plexus 
was seen in 4 of the 11 cases studied. The least common finding, noted 
in 2 of the 11 cases, was the presence of a few ganglions and then a 
gradual increase in the number in a spotty fashion, with some areas that 
contained few ganglions. No areas of the colon in these cases were 








Fig. 10.—a, ganglions absent. Nerve trunks in relation to small blood vessels 
in rectum. A, longitudinal muscle; B, nerve trunks; C, blood vessels; D, circular 
muscle (hematoxylin and eosin; X 90); b, ganglion in ascending colon (from 
area 11 in figure 1). A, nerve cell; B, supporting cell; C, longitudinal muscle; D 
circular muscle (hematoxylin and eosin; < 200). 


, 























96 ARCHIVES OF INTERNAL MEDICINE 


seen to contain a normal plexus. Figures 10 b and 11 a demonstrate 
normal ganglions (not from the terminal segment of the colon) which 
are similar to those seen in the series of cases used as controls. Figure 
11b demonstrates a ganglion, similar to many other ganglions thus 














Fig. 11.—a, ganglion of transverse colon. Normal nerve cell and a number of 
supporting cells. Four blurred nerve cells are also present. A, nerve cell; B, sup- 
porting cell; C, circular muscle; D, longitudinal muscle (cresyl violet; < 880). 
b, ganglion of descending colon. Normal number of nerve cells, few supporting 
cells and nerve fibers. Compare with figure 8 b. A, longitudinal muscle; B, nerve 
cells; C, circular muscle (Gros-Bielschowsky stain; & 415). 
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located, from the “no man’s land” of change in the myenteric plexus. 
In comparison with figure 11 from the control series, with which it is 
comparable in magnification, it can be seen that there are few supporting 
cells or nerve fibers, definite “atrophy” and a general failure to reach 
the standard of architecture set by the normal ganglion shown in figure 
8 b. This is considered to be a characteristic ganglion of the region in 
which the change from no ganglions to a normal or a diminished number 
occurred. Many such ganglions showed only one to three nerve cells and 
hence were much smaller than the average seen in the series of cases 
used as controls. 
REPORT OF CASES 


Case 1—A 15 year old boy was seen on Oct. 27, 1941, because of con- 
stipation and general debility. Since birth there had been considerable difficulty 
in getting his bowels to move. He had been treated with anal dilation and enemas, 
with some improvement. Abdominal distention and constipation continued at in- 
tervals, and daily enemas were required during certain periods. During the six 
months prior to his admission to the clinic, increasing difficulty in passing gas, 
constipation and pronounced abdominal distention had been noted. The patient 
had also noted fatigability, anorexia, loss of weight and pallor. 

Physical examination showed a thin, pale, white boy with an enlarged and 
tightly distended abdomen. The costal margins showed a pronounced flaring. The 
height of the patient was 62 inches (157 cm.) and his weight was 99 pounds 
(44.9 Kg.). The blood pressure was 140 mm. of mercury systolic and 90 diastolic, 
the pulse rate was 88 beats per minute and the oral temperature was 98.9 F. The 
abdomen was tense and was doughy to palpation. An easily discernible outline of 
the bowel was seen under the thin abdominal wall. Rectal examination revealed 
an empty rectum which was markedly encroached on by an extrarectal mass 
(feces). Sigmoidoscopic examination revealed a normal mucosa, with the caliber 
of the bowel seemingly larger than normal. Roentgenographic and roentgenoscopic 
examination of the colon confirmed the diagnosis of megacolon. 

The condition of the patient became worse after his admission. Progressive 
abdominal! distention ensued, and this did not respond to medical treatment. A huge 
fecalith was present in the sigmoid colon, and it was the clinician’s opinion that 
this was the cause of the partial obstruction of the colon. Emergency colostomy 
was performed, but this was without beneficial effect. Death occurred on Nov. 2, 
1941. 


Postmortem examination revealed an emaciated boy with a greatly distended 
abdomen, the circumference of which was 97 cm. at a level just above the umbilicus. 
The circumference of the chest was 80 cm. at the level of the nipple line. The 
apexes of the diaphragm were at the third rib on the right and the fourth rib on 
the left. The peritoneal cavity revealed no peritonitis and was entirely filled by 
the tremendously distended and hypertrophied colon, which had pushed the urinary 
bladder anterior to the symphysis pubis. There was atelectasis of grade 3 (on the 
basis of 1 to 4, 1 being the least) of the lower lobes of the lungs. The esophagus, 
stomach, duodenum and jejunum were grossly normal. The ileum revealed a grade 1 
(basis of 1 to 4) dilatation of the last 30 cm. of its length. The dilatation of the 
colon (fig. 1) was maximal in the sigmoid region, with a circumference of 42 
cm. in this location. Proximal to the sigmoid there was a gradual diminution of 
the size of the bowel to the cecum, and then there was slight dilatation of the 
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terminal 30 cm. of the ileum. The wall of the descending colon and sigmoid was 
0.3 cm. thick. The wall of the ascending colon and cecum was thin. The bowel 
distal to the rectosigmoid junction was normal in diameter and thickness. There 
was no point of obstruction noted. The mucosa throughout the colon was markedly 
congested, particularly in the sigmoid. The kidneys revealed a grade 1 (basis of 
1 to 4) dilatation of the pelvis, calices and ureter on the left and a dilated pelvis 
and calices of grade 2 and urethral dilatation of grade 1 on the right. 


Microscopic Study.*—Tissue blocks were taken from two levels of the non- 
dilated rectum (arrows J and 2, fig. 1). Examination of sections from these blocks 
showed no nerve cells, supporting cells or architectural remains of the plexus. 
There were small nerve bundles at intervals, composed of nonmyelinated nerve 
fibers. 

Blocks taken from three levels of the region of transition (arrows 3, 4 and 5, 
fig. 1) showed no nerve cells (fig. 6 a). In the usual location of the plexus 
of Auerbach there was a narrow region of collagen interrupted at intervals by 
nerve trunks. Sections taken from the level of greatest colonic dilatation (arrow 6, 
fig. 1) showed no definite nerve cells although there were small, thin groups of 
supporting cells and nerve fibers at intervals in the usual location of the ganglions. 
These cells were rather argentophilic. Blocks taken from two levels of the descend- 
ing colon (arrows 7 and &, fig. 1) showed scattered ganglions which contained one 
to five nerve cells each. There was a normal arrangement of these ganglions, and 
the nerve pathways between them were present. There were few supporting cells 
noted in the distal section of the descending colon. The proximal section of the 
descending colon showed the same diminution of nerve cells, but a normal number 
of supporting cells was seen. Variation in staining with cresyl violet was observed, 
with some cells appearing dark and others with apparent lack of Nissl substance. 
Blocks taken from two levels of the transverse colon (arrows 9 and 10, fig. 1) 
showed ganglions and fibers to be moderately diminished quantitatively. All 
methods of staining showed an irregularity in outline and staining of the nerve 
cells, with indistinct nuclei and an impairment of the usual regularity of the cyto- 
plasm. This was in spite of the normal appearance of the mucosa and other tissues, 
which probably demonstrated proper fixation, preservation and staining of the 
tissues. A block from the ascending colon (arrow 11, fig. 1) showed a sparsity of 
the ganglions, which, however, were normal in appearance (fig. 10 b). A block 
from the cecum (arrow 12, fig. 1) showed a similar appearance, after microscopic 
study, to that of the ascending colon. 


Summary.—There was an absence of the ganglions of the myenteric plexus in 
the rectum and the sigmoid colon in this case. Beginning at the level of the 
descending colon there were scattered ganglions which contained a few nerve cells. 
They became more numerous as sections from more proximal segments of the 
colon were examined, although atrophy and “thinning out” of the plexus was 
definite in the remainder of the colon. 


19. Unless otherwise noted, each block was made into four tissue sections cut at 
a distance of 1 mm. apart, which gave a serial section effect. The cresyl violet, 
hematoxylin and eosin, Bodian and Gros-Bielschowsky methods of staining were 
used. Also in the description, unless otherwise stated, all nerve fibers are non- 
myelinated, and the word “plexus” means the myenteric plexus. The regions 
described in each section will be generally understood to be confined to the space 
between the longitudinal and circular muscle bundles of the colon, where the 
myenteric plexus is normally located. 
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Case 2.—A 6 year old boy was seen on May 5, 1932, because of the diagnosis, 
made elsewhere, of Hirschprung’s disease. At the time of birth the child was 
noted to have a large abdomen. The birth weight was 8 pounds and 3 ounces (3.7 
Kg.), and the subsequent development was considered normal. “Stoppage of the 
bowels” every few months since birth had been noted by the parents of the 
patient. At such a time abdominal distention and vomiting were noted. Enemas 
were given, with eventual improvement of the individual episodes of distention. 
A particularly severe attack of obs‘ipation at the age of 214 years had necessitated 
hospitalization. The patient had had colonic irrigations frequently since then. 
Cramping abdominal pains were noted during some of the attacks of obstipation. 
Progressive difficulty in keeping the bowels open had been noted by the parents. 


Physical examination revealed a poorly developed and nourished white child, 
whose height was 43 inches (109 cm.) and whose weight was 45 pounds (20.4 
Kg.). The blood pressure was 110 mm. of mercury systolic and 75 diastolic, the 
pulse rate was 136 beats per minute and the rectal temperature was 99.4 F. The 
tonsils were enlarged and chronically infected, and there was dental caries. The 
abdomen was protuberant, and distended loops of bowel packed and distended with 
feces were palpable. The rectum was not enlarged from the anus to the level of 
the rectosigmoid juncture. Laboratory studies showed the concentration of hemo- 
globin to be 16.9 Gm. per hundred cubic centimeters of blood; erythrocytes 
numbered 5,200,000 and leukocytes 9,800 per cubic millimeter of blood. A roent- 
genogram showed the chest to be normal. Roentgenographic and roentgenoscopic 
examination of the colon by means of barium and air showed notable distention 
of the entire colon above the rectum. 


The patient was hospitalized and prepared for sympathectomy by means of 
daily enemas of diluted hydrogen peroxide, diathermy to the abdomen and oil 


retention enemas. There was an initial loss of 7 pounds (3.2 Kg.) at the time : 


that the colon was partially cleared of its fecal contents, but the child regained 
5 pounds (2.3 Kg.) of his body weight prior to operation. Lumbar ganglionectomy 
was performed, the second, third and fourth lumbar sympathetic ganglions being 
removed bilaterally. The presacral nerves were also resected. At this time the 


large intestine was seen to be 8 inches (20 cm.) in diameter, and the maximal er 


colonic involvement was that of the proximal two thirds of the lower part of the 3 
colon and the distal third of the transverse colon. The patient died on the oper- 
ating table. 

Postmortem examination revealed the body of a thin, poorly developed child 
which measured 115 cm. in length and weighed 46 pounds (20.9 Kg.). The 
abdomen was greatly distended, and a recent midline incision was noted. The Fs 


. ‘ . r &4 
apexes of the diaphragm arched to the third interspaces bilaterally. When the sy 
abdomen was opened, the colon was seen to fill the entire abdomen and there was a 
colonic dilatation of grade 4. The colon demonstrated a segmental type of mega- Py 


colon, being normal from the cecum to the left third of the transverse colon, where 
thickening and dilatation appeared, and then extended to the upper point of the 
rectum where the dilatation ended abruptly (fig. 2). The colon at the point of 
maximal dilatation was 3 to 4 mm. thick. There was a diameter of 20 cm. at the 
point of maximal dilatation. The rectum was not dilated or thickened. The 
esophagus, stomach, small bowel, kidneys, pelves, ureters and bladder were grossly 
nogmal. 


Microscopic Study.—Blocks from two levels of the normal rectum (arrows 
1 and 2, fig. 2) showed no elements of the plexus (fig. 6 b). Nerve trunks were 
present (fig. 9 a). Blocks from three parts of the region of transition (arrows 
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3, 4 and 5, fig. 2) from nondilated to dilated bowel showed no plexus. Blocks 
from two levels of the dilated sigmoid (arrows 6 and 7, fig. 2) showed that 
there was no plexus present in the distal segment of the sigmoid. A block from 
the sigmoid more proximal to this (arrow 8, fig. 2) showed a marked sparsity of 
plexus, with single nerve cells in several places and a few nerve fibers but no other 
structures of the plexus. . Blocks taken from three levels above this (arrows 
9, 10 and 11, fig. 2) showed an apparent sudden change to a normal plexus. Blocks 
from six levels of the descending colon, transverse colon, ascending colon and 
cecum showed a plexus that was within normal limits. 


Summary.—Seven blocks from the rectum, region of transition and dilated 
sigmoid showed a complete absence of the myenteric plexus. In the colon proximal 
to the sigmoid there was a striking paucity of nerve cells and then a rather 
sudden change to an apparently normal plexus. 

Case 3.—A 5 year old boy was seen on Nov. 3, 1937, because of the com- 
plaint of “no bowel movements without help since the age of three days.” The 
child weighed 834 pounds (3.9 Kg.) at birth and was a full term baby. Develop- 
ment had been considered normal, the weight at the age of 1 year being 21 
pounds (9.5 Kg.). Ever since birth, bowel movements had been “rocklike” and 
“very few and far between.” Enemas were given twice weekly, and spontaneous 
bowel movements occurred less than once a month. During the year previous 
to the time the child was brought to the clinic, there had been an increase of 
abdominal distention. Attacks of distention had been associated with vomiting and 
low fever. 

Physical examination showed a poorly developed and nourished child whose 
height was 42 inches (107 cm.) and whose weight was 43 pounds (19.5 Kg.). 
The blood pressure was 118 mm. of mercury systolic and 70 diastolic, the pulse 
rate was 108 beats per minute and the rectal temperature was 99.4 F. The abdo- 
men was markedly distended, nontender and relaxed, and huge peristaltic waves 
covering a third of the abdomen were noted. There was no spasm of the rectal 
sphincter. Laboratory studies showed the concentration of hemoglobin to be 13.1 
Gm. per one hundred cubic centimeters of blood; erythrocytes numbered 4,600,000 
and leukocytes 10,300 per cubic millimeter of blood. The differential count of the 
leukocytes was within normal limits. A roentgenogram showed the chest normal, 
and roentgenographic and roentgenoscopic examination of the colon showed a 
megacolon with a large opaque residue present in the dilated bowel. 

The patient was hospitalized and was given Learmonth’s pills (active ingredient, 
eserine), diathermy to the abdomen, desiccated thyroid, enemas, saline cathartics 
and a residue-free diet. A large fecalith, which was palpable through the anterior 
abdominal wall, was present in the colon. The child did not improve during the 
course of treatment and suddenly became quite toxemic for no apparent reason and 
died within a few hours after the first signs of toxicity. 

Postmortem examination revealed a thin child, 108 cm. long and weighing 40 
pounds (18.1 Kg.). There was considerable generalized abdominal distention. 
When the abdomen was opened, the omentum was seen to be paper thin and 
stretched over the hugely distended colon. There was no peritoneal fluid present 
in the abdominal cavity, and the peritoneal surfaces were smooth and glistening. 
The apexes of the diaphragm arched extremely high bilaterally. The colon was 
dilated (4 plus) except for the rectum and lower part of the sigmoid, where an 
abrupt change from dilatation to a normal caliber of the bowel occurred (figs. 3 
and 4). The wall of the colon was markedly thickened. The esophagus, stomach, 
small intestine, kidneys, pelves, ureters and bladder were grossly normal. 
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Microscopic Study.—Blocks were taken from three levels of the nondilated 
portion of the rectum (arrows 1, 2 and 3, fig. 3). The lowest section showed 
several branches of a myelinated nerve trunk, and there were nonmyelinated 
nerve fibers running in groups, constituting a nonmyelinated nerve bundle fig. 9 b). 
This was not similar to the usual appearance of nonmyelinated nerve fibers be- 
tween the ganglions of the normal rectum. These nonmyelinated nerves entered or 
left the colon in relation to the blood vessels and were present between the 
longitudinal and circular muscle coats of the colon (fig. 10 a). No nerve cells, 
groups of supporting cells or spaces were seen that would be indicative of the 
presence of the myenteric plexus. Blocks were taken from two levels of the dilated 
sigmoid (arrows 4 and 5, fig. 3). The distal section (arrow 4, fig. 3) showed 
no nerve cells, ganglions, supporting cells or spaces (fig. 7a). The proximal 
section showed six ganglions, each containing two to five nerve cells, no supporting 
cells of note and few nerve fibers. The nerve cells were smaller than normal and 
lacked clarity, and some had an unusual affinity for cresyl violet. There was a 
definite paucity of ganglions. Blocks were taken from three levels of the descending 
colon (arrows 6, 7 and 8, fig. 3). One block showed a moderate diminution of the 
number of ganglions. There was also decided diminution of the number of inter- 
ganglionic nerve fibers. The majority of the nerve cells showed a spotty distribu- 
tion of Nissl substance and a ragged outline. There were few supporting cells. 
The second block showed only two identifiable nerve cells in one section. The 
third block (fig. 11 b) showed an almost normal number of ganglions but few 
supporting cells or interganglionic fibers. Blocks were taken from four levels of 
the transverse colon (arrows 9 through 12, fig. 3). One block showed a normal 
number of nerve cells, supporting cells and nerve fibers, but there was an unusual 
variation in the affinity of the nerve cells for the silver impregnation methods. The 
other blocks varied somewhat in the number of ganglions yet no definite abnormality 
was noted. Blocks taken from three levels of the ascending colon (arrows 13, 14 
and 15, fig. 3) showed no essential variation of the ganglions from normal (fig. 
1la). Blocks taken from two levels of the cecum (arrows 16 and 17, fig. 3) showed 
no essential variation from normal. 


Summary.—The change from the absence of plexus to a normal plexus occurred 
in the dilated sigmoid. There was a gradation from an absence of plexus to a normal 
plexus; this gradation consisted of a paucity of ganglions, nerve cells, supporting 
cells and nerve fibers and apparent diminution in the size of the nerve cells. 

Case 4.—A 2 year old boy was seen on May 12, 1943, because of the parents’ 
complaint that he “won’t eat and has had bloating since birth.’ When the baby 
was 3 days old, the parents noted that his bowels had not moved. Castor oil was 
administered, without a resulting bowel movement. Diarrhea was noted during 
the second and third weeks of life; at this time as many as six stools were ob- 
served in a day. The child had subsequently been in poor health. Nursing was 

r, and the feedings were frequently vomited in the early days of life. Some 
improvement in these symptoms was subsequently noted. The abdomen was dis- 
tended from time to time. An attack of whooping cough at the age of 4 months 
was extremely severe, and the parents felt that the bowels had been even more 
constipated since that time, with an occasional severe attack of abdominal dis- 
tention being noted. The stools were occasionally foul and foamy but usually 
were hard and inspissated, 

Physical examination showed the baby to have the appearance characteristic 
of marasmus, with severe abdominal distention, clubbing of the fingers and toes 
and thrush of the oral mucous membrane. The rectal temperature was 102 F. 
The abdomen was distended by loops of large bowel, the outlines of which were 
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visible through the thin abdominal wall. Laboratory studies showed the con- 
centration of hemoglobin to be 6.2 Gm. per hundred cubic centimeters of blood; 
erythrocytes numbered 3,080,000 and leukocytes 11,900 per cubic millimeter of 
blood. Differential count of the leukocytes showed 27 per cent lymphocytes, 8 per 
cent monocytes, 16 per cent stab forms and 49 per cent mature forms of neutrophilic 
leukocytes. The study of the blood smear showed anisocytosis, hypochromasia, a 
left shift and toxic changes in the polymorphonuclear leukocytes. 

The patient did not respond well to medical treatment and died three days 
after admission to the hospital. The opinion of the attending physician was that 
death was attributable to general weakness and debility. 

Postmortem examination revealed an infant who was 76 cm. long, weighed 
12 pounds (5.4 Kg.) and was emaciated (3 plus). The panniculus adiposus 
measured 3 mm. in thickness. The chest was barrel shaped, with a wide flare of 
the lower portion. The abdomen was greatly distended, and when it was opened 
the colon was noted to be hypertrophied and markedly dilated down to the rectum, 
which was of normal diameter. The peritoneal cavity contained 50 cc. of clear 
fluid. The esophagus, stomach, small bowel, kidneys, pelves, ureters and bladder 
were grossly normal. 


Microscopic Study—Blocks from the rectum were stained with hematoxylin 
and eosin, Bodian, cresyl violet, Mallory-Heidenhain, Mallory phosphotungstic 
acid, Verhoeff’s elastic, Van Gieson and mucous stains. No nerve cells were seen, 
and no normal nerve fibers were noted. Blocks from six levels of the sigmoid 
contained nerve cells and nonmyelinated nerve fibers. The more distal sections 
showed a definite sparsity of the elements of the plexus as contrasted with those 
sections more proximal. A block from the descending colon showed only a rare 
ganglion containing an average number of nerve cells, a few supporting cells and 
almost no nerve fibers. The nerve cells were small and shrunken even for a child. 
A block from the transverse colon revealed that the ganglions were normal in 
number and contained the usual number of nerve cells, which stained somewhat 
poorly with cresyl violet. The interganglionic fibers were decreased in number. 
A block from the ascending colon showed no abnormality of the plexus. 


Summary.—There was an absence of ganglions in the rectum, with an apparent 
gradual transition toward a normal plexus occurring in the dilated sigmoid. There 
was a region of “thinning out” and atrophy of the plexus that reoccurred in the 
descending colon, with small shrunken nerve cells and few ganglions. The nerve 
cells and ganglions became normal again in the transverse colon. 

Case 5.—A 24 year old man was seen on Jan. 17, 1920, because of abdominal 
distention and constipation, which had increased in severity during the past year. 
Five days after birth the patient had had diarrhea, but since that time he had 
been obstipated. As drugs would not cause the bowel to evacuate its contents, 
enemas were used frequently. He was unable to pass gas without first inserting a 
tube into the rectum. As far as was known a normal bowel movement had not 
occurred since the first days of life. During the past year his condition had been 
worse, pain had been noted in the right upper quadrant of the abdomen and 
anorexia was present. 

Physical examination revealed a man whose height was 5 feet 11 inches 
(180 cm.) and whose weight was 190 pounds (86.2 Kg.). The abdomen was 
markedly distended and tympanitic. The heart was displaced upward to the third 
interspace as a result of the abdominal distention 

Since the patient failed to respond satisfactorily to medical treatment, a double- 
barreled ileostomy was performed on January 27. Some soiling of the peritoneum 
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occurred at the time of operation, and the patient died on the day of operation as 
a result of peritonitis and bronchopneumonia. 


Microscopic Study—Blocks taken from the rectum and from two levels of 
the transitional region showed no ganglions to be present. No nerve fibers were 
seen with the exception of a small nerve trunk in one section. Two blocks taken 
from the sigmoid showed only a few ganglions. These contained only one to four 
nerve cells each. The usual supporting cells and nerve fibers were scarce. Two 
blocks from the descending colon showed that the ganglions were somewhat 
diminished in number and contained fewer nerve cells than was usual for this 
part of the colon. There were definitely more ganglions here than in the sigmoid. 
Two blocks were taken from the transverse colon; one was similar to those from 
the sigmoid and the other similar to those from the descending colon. A block 
taken from the ascending colon showed fewer ganglions and fewer nerve cells 
than the normal amount. The cecum was similar except that there were even 
fewer ganglions, only five being seen in a strip 3 cm. in length. 


Summary.—Ganglions were absent in the rectum and in the transitional seg- 
ments of the colon. Above this level they were considerably diminished in number 
as compared to the findings in the cases used as controls 


Case 6.—A 21 year old woman was seen on Aug. 9, 1917, because of distention 
of the abdomen and obstipation. She had been constipated since early childhood 
and would go without bowel movements for two weeks at a time unless enemas 
or a strong physic was administered. When she was constipated, melena was 
present. 

Physical examination revealed a woman with a hugely distended abdomen. 
Her height was 5 feet 2 inches (157 cm.), her weight was 97 pounds (44.0 Kg.) 
and her blood pressure was 130 mm. of mercury systolic and 100 diastolic. The 
abdomen was distended by a huge colon. Visible peristalsis was present and 
active. Fecal masses were felt in the abdomen. Roentgenographic examination 
revealed a megacolon. 

The patient did not do well and died the day after examination. At necropsy 
a perforation of the cecum, with gross contamination of the peritoneum by feces, 
was found. The diaphragmatic apexes were at the third ribs bilaterally. 


Migroscopic Study.—Three blocks taken from the rectum and two blocks taken 
from the lower part of the sigmoid showed no vestige of the plexus of Auerbach. 
An occasional nerve bundle was seen. A block taken from the upper part of the 
sigmoid, which was the thickest and most dilated portion, showed a plexus which 
was normal except for a diminution in the supporting cells and fewer nerve cells 
per ganglion than were normally encountered. Seven blocks from the descending 
colon, transverse colon, ascending colon and cecum showed an essentially normal 
plexus. 


Summary.—Absence of plexus was noted in the rectum and in the lower part 
of the sigmoid. There was some diminution of the number of ganglions proximally, 
but the descending colon and the remainder of the colon showed a plexus that was 
within normal limits. 


Case 7.— A 3 year old boy was seen on Feb. 14, 1917, because of constipation. 
The patient had been constipated since the age of 6 months. At times two weeks 
would pass without a bowel movement. An infant brother was said to be 
similarly affected, and a second cousin had died of a similar condition at the age 
of 31 years 
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On physical examination the abdomen was distended (circumference 40 inches 
[102 cm.]) and tympanitic. The rectum was empty. 

The pulse and temperature suddenly rose, and the patient died on February 19. 
An enormously distended and redundant colon was found at necropsy, with maxi- 
mal involvement noted in the sigmoid. 

Micropscopic Study.—Three blocks from the terminal segment of the colon 
showed the plexus to be absent. In one block just above this in a transitional 
region and in seven blocks from the sigmoid, descending colon, transverse colon, 
ascending colon and cecum the plexus was within normal limits. 

Summary.—There was an absence of the plexus in the rectum, and there was 
an abrupt change to an essentially normal plexus in the transitional region of the 
lower part of the sigmoid colon. 

Case 8.—A 4 year old boy was seen because of abdominal distention and 
obstipation since birth. It was stated that he had never had a normal bowel move- 
ment. Enemas and suppositories were used, with only a palliative effect. Drugs 
were of no value. 

The blood pressure was 110 mm. of mercury systolic and 80 diastolic. The 
abdomen was distended. The concentration of hemoglobin was 11.4 Gm. per 
hundred cubic centimeters of blood. Roentgenographic and roentgenoscopic ex- 
amination showed a megacolon to be present and to involve the entire colon above 
the rectum. The patient was hospitalized and prepared for operation over an 
eighteen day period. Resection of the colon from the ascending colon to the sigmoid 
and subsequently a double-barreled sigmoidocolostomy were performed. The 
patient returned two months later for closure of the colonic stoma. Subsequent 
to the closure of the stoma, peritonitis developed owing to perforation of an ulcer 
of the cecum. The peritonitis led to the death of the patient on the sixth post- 
operative day. 

Microscopic Study.—Three blocks taken from different levels of the normal 
rectum showed an abscence of the plexus (fig. 7 b). At fairly regular intervals 
there were nerve fibers somewhat similar to those seen in the normal plexus, 
but there were no ganglions or nerve cells. 

One block from the descending colon showed only a slight reduction of the 
number of ganglions and nerve cells. The findings in the transverse colon were 
similar. The ascending colon was within normal limits except for a rather marked 
reduction of the number of ganglions and nerve cells. The ileum showed a normal 
plexus. 

Case 9.—A 1 year old infant had had no normal bowel movements since birth. 
A daily enema had been given for several months with good results until recently, 
when the infant had been unable to expel all the enema and as a result the abdomen 
remained distended. Vomiting and blood in the stools had been present during 
the week prior to the time the patient was seen at the clinic. 

On examination the child was fretful and pale, with a distended abdomen. The 
concentration of hemoglobin was 32 per cent of normal. Roentgenographic and 
roentgenoscopic examination showed the sigmoid to be enormous. The rest of the 
colon was atonic but would contract. Resection of the descending and sigmoid 
colon was performed a month later. General peritonitis and death occurred four 
days after operation. 

Microscopic Study.—Four blocks of the rectum showed no ganglions or nerve 
cells. Small nerve bundles were frequently seen in the sections. Seven blocks 
from the sigmoid and the remainder of the colon showed a normal plexus to be 
present. 
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Summary.—The plexus was absent in the normal-sized rectum. There was a 
normal plexus in the remainder of the colon. 


CasE 10.—An 8 month old male infant was seen because of obstipation since 
birth. Up to 3 days of age there were no bowel movements, and the infant 
vomited all his feedings. He was given posterior pituitary injection at this time, 
with five bowel movements occurring in the following two hours. The bowels 
moved freely for the next two and a half weeks but since then had not moved 
unless a cathartic or enema was administered. Fecal impactions had been removed 
at times. 

On examination the infant was seen to have an enormous abdomen, 51 cm. in 
circumference. Visible peristalsis was present. There was no beneficial result 
after medical treatment, and appendicostomy was performed. Death occurred nine 
days after operation. The clinician in charge felt that toxemia caused the death. 
No peritonitis was found at the time of the postmortem examination. 


Microscopic Study—Two blocks from the rectum showed that no vestige 
of the plexus was present. A number of nerve bundles were present in the sections. 
Two blocks from the sigmoid showed an absence of plexus, and no nerve bundles 
were noted. The descending colon contained an occasional ganglion with a few 
nerve fibers and supporting cells. The transverse colon, ascending colon and cecum 
showed an essentially normal plexus except for the fact that there was a moderate 
diminution of the number of ganglions and nerve cells. 


Case 11—A 27 year old white man was seen on Nov. 20, 1946, because of the 
diagnosis of Hirschsprung’s disease made by his home physician. The patient stated 
that his bowels never moved normally and that his abdomen had always been 
large. As cathartics were without effect, he was forced to take colonic irrigations 
at least once weekly to remove the bowel contents. At the time of the colonic 
irrigations he would occasionally note a retention in the bowel of as much as 1 to 2 
gallons (4 to 8 liters) of enema fiuid. Crampy abdominal pain had been noted 
at times. The diagnosis of Hirschsprung’s disease was first made when he was 
12 years old, and spinal anesthesia was administered on several occasions “to tone 
up the nerves of the bowel.” This was without benefit. 

Physical examination disclosed the height to be 68 inches (173 cm.) and the 
weight 153 pounds (69.4 Kg.); the nutritional state seemed good. The blood 
pressure was 127 mm. of mercury systolic and 70 diastolic, the pulse rate 88 beats 
per minute and the oral temperature 98.2 F. The abdomen was greatly enlarged, 
and flaring of the lower ribs was present. The descending colon was easily palpated 
and seemed about 10 cm. in diameter. The transverse colon was also palpable. 
Proctosigmoidoscopic examination revealed the terminal segment of bowel to be 
normal for a distance of 24 cm. Roentgenoscopic and roentgenographic examina- 
tion of the colon revealed a normal rectum and lower part of the sigmoid, but 
the remaining part was notably dilated and elongated proximally from the lower 
end of*the descending colon. Roentgenographic examination of the chest revealed 
bilateral elevation of the apexes of the diaphragm. The concentration of hemo- 
globin was 14 Gm. per hundred cubic centimeters of blood; erythrocytes 
numbered 4,200,000 and leukocytes 7,400 per cubic millimeter of blood. Urinalysis 
gave results which were within normal limits. The flocculation reaction for 
syphilis was negative. An operation was performed on December 2, at which 
time the ileum was divided at a point about 8 to 10 inches (20 to 25 cm.) from 
the ileocecal valve, the colon was divided in the region of the first portion of the 
sigmoid and the intervening colon was removed. The ends of the ileum and sig- 
moid colon were brought out as an exteriorization procedure. 
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The examination of the removed colon showed maximal dilatation of the 
descending portion, which was 20 cm. in diameter. There was a normal-sized sig- 
moid colon, beginning abruptly below the region of maximal dilatation. Proximal 
to the descending portion there was a gradual diminution of the size until a 
moderately dilated and hypertrophied cecum was seen. The colon was markedly 
elongated. The appendix was within normal limits; the ileum was not dilated. 

Microscopic Study.—Blocks of tissue were taken from two levels of the non- 
dilated sigmoid. Examination of sections from these blocks showed no ganglions or 
nerve cells. Nerve trunks were fairly frequent and were large. There was an 
unusually large amount of connective tissue between the longitudinal and circular 
muscle coats. This same increase of connective tissue was present in all sections 
until the distal end of the dilated descending colon was studied microscopically, 
at which time the connective tissue was found to be not increased. This was the 
largest and only really significant amount of connective tissue found between the 
muscle layers of the colon in the 11 cases studied. 

Two blocks of tissue were taken from the region of transition of nondilated 
sigmoid to dilated descending colon. The findings were essentially the same as in 
the sigmoid except that the nerve trunks were not present in the proximal sections 
and the connective tissue between the muscle layers was normal in the proximal 
sections. 

Blocks of tissue were taken from four levels of the dilated descending colon. 
The most distal of these showed several ganglions to be present. These contained 
two to twelve nerve cells each. This was an abrupt change, as the previous block, 
2 cm. distant, showed no ganglions. The other blocks from the descending colon 
showed a few more ganglions than the first, the maximal number being eight in 
a section 4 cm. long (the next most proximal). These were all larger than are 
seen as a general rule in normal cases and contained a greater than average 
number of nerve cells. They were present in the longitudinal muscle coat rather 
than between the longitudinal and circular muscle coats. This was the first time 
that this location had been occupied consistently by the myenteric plexus. It had 
been noted at times and in the case of single ganglions had been seen frequently, 
but at no time had the myenteric plexus been in the longitudinal muscle coat for 
almost its entire extent. The muscle walls were the thickest that we have 
examined. 

Three blocks were taken from the descending colon. These showed many 
ganglions, with numerous nerve cells, present in the usual location of the myenteric 
plexus. 

Two blocks were taken from the transverse colon. These showed the ganglions 
of the distal section to be few and small. Those in the proximal sections were 


essentially normal. 
Blocks taken from the ascending colon and the cecum showed a normal num- 


ber of ganglions and nerve cells. 


STUDY OF THE MYENTERIC PLEXUS IN FIVE CASES 
OF SECONDARY MEGACOLON 


In addition to the series of cases used as controls, we have studied 
5 cases of secondary megacolon (table 5). The gross pathologic changes 
of the colon in the first 3 cases were identical with those seen in cases 
of congenital megacolon, and the gross changes in the last 2 were like- 
wise similar except for the absence of great hypertrophy. It is not 
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intended to report these cases in detail but rather to bring out the 
features which distinguish secondary megacolon from _ congenital 


megacolon. 


Case 12.—A 54 year old man had for two years noted constipation and the 
frequent urge to defecate. For four months blood had been observed in the stools, 
which were smaller and more frequent than usual. For two months he had noted 
distention of the abdomen, which was partly relieved by enemas. Appendicostomy 
was performed without benefit, and death occurred seven days after operation. 
Postmortem examination revealed an annular, hard, fixed rectal tumor 2 inches 
(5 cm.) above the prostate. There was grade 3 to 4 dilatation of the colon (on 
the basis of 1 to 4, in which 1 designates the least and 4 the greatest dilatation) 
and the walls were 5 to 7 mm. thick. Microscopic sections taken from the rectum, 
rectosigmoidal region, sigmoid colon, transverse colon and cecum showed ganglions 
of the myenteric plexus in every section. These were considered to be normal. 


Case 13.—A 36 year old man had noted cramps, constipation and abdominal 
distention for the past five years. At the time of postmortem examination a grade 
4 dilatation and thickening of the colon was seen to be present proximal to a 
carcinoma of the upper part of the sigmoid. Microscopic sections taken from 
regions below and above the tumor showed normal ganglions of the myenteric 
plexus in every section. 


Case 14.—A 25 year old man had noted persistent constipation for three 
months, and for three weeks there had been involuntary defecation and bleeding 
from the rectum. He died suddenly the day after registration at the clinic. The 
entire colon was dilated (grade 3 to 4), with thickening of the wall. There was an 
annular adenocarcinoma 3 cm. proximal to the anus. Microscopic sections taken 
from the rectum, rectosigmoidal region and the remainder of the colon showed 
the ganglions of the myenteric plexus to be present in every section. 


Case 15.—A 62 year old woman had noted an intermittent watery diarrhea for 
two years. Ten months before her admission to the hospital she had had an 
episode of abdominal distention, which had been relieved by enemas. Four days 
before admission, mild abdominal distention had been noted, and two days after- 
ward a rapid increase of abdominal distenticn occurred, with persistent obstipa- 
tion. Transverse colostomy was performed, but death occurred six hours after 
operation. Postmortem examination showed the colon to be distended (grade 4), 
with a greatly redundant and elongated sigmoid colon and mesentery which had 
permitted a volvulus of the sigmoid. The wall of the bowel was thickened. Micro- 
scopic sections taken from many regions of the rectum, sigmoid and the remainder 
of the colon showed ganglions of the myen'‘eric plexus to be present in every 
section. 


Case 16.—A 33 year old woman had been well until sixteen hours before her 
admission to the hospital, when she noted abdominal pain and distention and 
vomited several times. The colon was hugely dilated, as shown by roentgenographic 
examination. On the day of admission cecostomy was performed, but death 
occurred shortly thereafter. The colon was hugely distended and thin. The 
diameter of the colon was 14 cm., and the length was 170 cm. Severe acute colitis 
was present, with a pseudomembrane over the mucosal surface. The submucosa, 
muscle layers and peritoneum revealed microscopic evidence of severe inflammatory 
changes. Microscopic study of the myenteric plexus showed only a fourth of the 
usual number of ganglions to be present in the rectum, sigmoid and the descending 
and transverse colon. The ascending colon contained only a few nerve cells, and 
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there were no visible nerve cells in the cecum. There was considerable diminution 
of the number of ganglions in the ileum, but the jejunum showed a normal plexus. 
The changes in the myenteric plexus differed from those seen in cases of con- 
genital megacolon by the fact that the plexus was absent proximally rather than 
distally and there was generalized damage to the plexus. 

Gross examination in the 3 cases in which the megacolon was 
secondary to obstructing carcinoma showed great dilatation and hyper- 
trophy of the colon above the obstructing lesion. The myenteric plexus 
was entirely normal in all 3. In the cases of congenital megacolon there 
were the same dilatation and hypertrophy of the colon above a bowel of 
normal diameter, with no obstructing lesion in the lumen, but there was 
an absence of the myenteric plexus in the wall of the distal portion of 
the bowel. The changes in the myenteric plexus in case 16 were probably 
related to the severe and fulminating pseudomembranous colitis, although 
there was no apparent universal involvement of the myenteric plexus by 
the inflammatory process. 


TABLE 6.—Summation of Authors’ and Collected Series 





Plexus Absent in Distal Portion of Colon 

















Series Cases No. | % 
Our series 11 il 100 
Collected series* | 18 14 | 78 
Total ; 29 25 | 86 


*The 4 cases in the collected series in which changes in the distakpart of the colon were not reported 
may not have been completely studied. 


COMMENT 


Table 6 shows a compilation of the collected series and our series 
which represent the cases of megacolon in which studies of the myenteric 
plexus have been carried out. There was a total of 29 such cases, in 
25 of which the myenteric plexus was observed to be absent in the distal 
portion of the colon. In 4 cases there were changes in the plexus other 
than absence of the ganglions. Since this group of 29 cases consisted 
of cases of megacolon without reference to the type,.we have separated 
the cases of congenital megacolon. There were 6 cases of definitely con- 
genital megacolon among the 18 collected cases, but since the case re- 
ported by Robertson and Kernohan has been used in our series it will 
be included only in the group that we studied. We have thus collected 
from the world literature 5 cases of congenital megacolon in which the 
myenteric plexus had been studied. We have added 11 cases of our own, 
making a total of 16 cases. In 100 per cent of these cases there was 
absence of the ganglions of the myenteric plexus in the distal segment 
of the colon (fig. 5). It is our impression that similar changes can be 
observed in all cases of congenital megacolon in which the criteria that 
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we have used are fulfilled. As can be seen from the reported cases, 
there is absence of the ganglions of the plexus in some cases of acquired 
megacolon. We consider this as a separate but related problem, and a 
brief mention of another opinion should be made here in this respect. 
Etzel”° stated that in all cases of nonobstructive acquired megacolon 
which he studied there were lesions of the myenteric plexus in the 
neighborhood of the pelvirectal sphincter. 

We have described a pathologic lesion present in 11 of our own 
cases and in 5 collected from the literature that represent congenital 
megacolon of a type defined by us. Hawkins, Alvarez, Hurst and 
Bockus all have stated that a disturbance of the innervation of the colon 
is the most likely cause for megacolon. Our findings are indicative not 
only of a pathologic change in the myenteric plexus and in the colonic 
innervation but of changes which are present in the distal segment of 
the colon where an obstructing lesion, either neurogenic or gross, would 
most likely be of significance. The experimental production of mega- 
colon by Ishikawa, Adamson and Aird and by Kleinschmidt is based on 
an interference with the innervation of the colon. 

It is impossible to deny the presence of the changes in the myenteric 
plexus in cases of congenital megacolon. Likewise, from the theoretic 
and experimental standpoint the significance of the changes in the 
myenteric plexus seems to be all that could be desired to explain the 
pathogenesis of congenital megacolon. When we reviewed the physio- 
logic studies on the innervation and functional activity of the colon, 
results of various forms of treatment and effects of denervation on the 
myenteric plexus, we found a wide and chaotic field of contradictions 
which we have not attempted to untangle. The field is a difficult one to 
investigate, and the conclusions that are incontrovertible are few. 

The following is a brief review of certain aspects of the subject 
which summarizes the function of the myenteric plexus, although not 
from an unassailable viewpoint, as related to the consideration of the 
pathogenesis of megacolon. The sympathetic nervous system is generally 
conceded to have an inhibitory action on the colon and thus causes re- 
tention of the fecal contents and retards the emptying of the colon. The 
parasympathetic nervous system has an augmentative action on the colon 
that causes evacuation of the fecal contents and accelerates the emptying 
of the colon. The internal anal sphincter will relax after parsympathetic 
stimuli and undergo an increase in tone after sympathetic stimuli.*4 
With such a physiologic basis, it has been postulated that the cause of 


20. Etzel, E.: Personal communication to the authors. 

21. Best, C. H., and Taylor, N. B.: The Physiological Basis of Medical 
Practice: A University of Toronto Text in Applied Physiology, ed. 4, Baltimore, 
Williams & Wilkins Company, 1945, p. 501. Hurst.® 
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the fecal retention in cases of megacolon is an overactivity of the sympa- 
thetic nervous system in the presence of a normally active parasym- 
pathetic nervous system. The tendency generally, however, has been 
acceptance of the hypothesis that there is a diminished activity of the 
parasympathetic nervous system, which has a causative effect in the 
production of megacolon, aided also by the postulated presence of a 
relative increase in the action of the sympathetic nervous system. A 
lesion of the autonomic nerves to the colon or of the myenteric plexus 
or both would be expected to be present if a pathologic lesion were the 
cause of the autonomic unbalance. 


We have found no studies of the nerves leading to the colon in cases 
of congenital megacolon and have been unable to carry out such a study 
with the specimens available. Etzel®* studied the vagus nerves in cases 
of megaesophagus and found them to be normal although he demon- 
strated changes in the myenteric plexus of the esophagus similar to 
those that he found in cases of acquired megacolon. Hence we have only 
minor inferential evidence in regard to the absence of a lesion of the 
autonomic nerves leading to the colon. 


The myenteric plexus and other nervous plexuses of the gastro- 
intestinal tract have been studied in laboratory animals,?? and most of 
the reported studies have been made on the esophagus, stomach and 
small bowel rather than on the colon. Therefore there have been rela- 
tively few reports in the literature that have a direct bearing on the prob- 
lem of the myenteric plexus in the colon of man. According to the 
studies on animals, the plexus in the colon basically consists of nerve 
cells collected in groups or ganglions which are connected by non- 
myelinated nerve fibers of extrinsic and intrinsic derivation. A large 
percentage of the nerve fibers in the wall of the colon come from the 
extrinsic nerves and disappear after degenerative section of these 
nerves.”? Hill’s!** impression was that nearly all the sympathetic fibers in 
the colon are postganglionic and end on the muscles of the colon. She 
also described most of the parasympathetic fibers as preganglionic and 
ending in relation to the nerve cells of the myenteric plexus. There 
would thus be an absence of parasympathetic impulses to a segment of 
colon that exhibited an absence of the myenteric plexus. A possible 
physiologic correlation has thus been added to the theoretic, experimental 
and pathologic aspects of the pathogenesis of congenital megacolon. 


22. Footnote 15. Babkin.”* 


23. Alvarez,’ p. 192. Modern and Thienes.*4 Johnson.”e 
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SUMMARY 


1. The myenteric plexus has been studied in 11 cases of congenital 
megacolon, a series of cases used as controls and 5 cases of secondary 
megacolon. 

2. The myenteric plexus was found to be absent in the most distal 
part of the colon in all cases of congenital megacolon. In 80 per cent 
of the cases it was absent also in the “transitional region.” In 60 per 
cent of the cases it was in addition absent in the lower part of the sig- 
moid. In 20 per cent of the cases the absence of the myenteric plexus 
extended from the rectum into the upper part of the sigmoid and the 
descending colon. 

3. In all cases of congenital megacolon there were nerves present 
in the location of the myenteric plexus which were not seen in the control 
cases. 

4. The strategic location of the changes and a review of previous 
theoretic concepts, experimental studies and certain physiologic and 
anatomic studies point toward the significance of processes in the myen- 
teric plexus in the pathogenesis of congenital megacolon. 


News And Comment 
GENERAL NEWS 


Urology Award.— The American Urological Association offers an annual 
award of $1,000 (first prize $500, second prize $300 and third prize $200) for 
essays on the result of some clinical or laboratory research in urology. Competition 
shall be limited to urologists who have been in specific practice for not more than 
five years and to residents in urology in recognized hospitals. 

The first prize essay will appear on the program of the forthcoming meeting 
of the American Urological Association, to be held at the Biltmore Hotel in Los 
Angeles, May 16 to 19, 1949. 

For full particulars write to the secretary, Dr. Thomas D. Moore, 899 Madi- 
son Avenue, Memphis 3, Tenn. Essays must be in his hands before Feb. 15, 1949. 
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Hospital Care in the United States. By the Commission of Hospital Care. 
Price, $4.50. Pp. 631. New York: The Commonwealth Fund, 1947. 
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This royal octavo volume of 630 pages embodies the studies of hospital care 
in the United States made by the Commission sponsored by the Commonwealth 
Fund. The obviously correct assumption having been made that hospital care 
in the United States is inadequate, a huge amount of factual material is assembled 
in support of this position. Along with this, elaborate recommendations are 
made, and these are stated in section II in the form of 181 classified propositions. 
The reviewer is a little uncertain about the categorical way in which some of these 5 
propositions are set down. Being himself neither a sociologist nor a statistician 
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but a teacher of medicine, he has scanned closely propositions 50 to 55, which 
concern medical education. He feels that these propositions at least are some- 
what inadequate from the standpoint of the relation of medical education to 
hospital service. Indeed, in discussions of this sort it must be clearly realized 
that the university teaching hospital serves a purpose so entirely different from a 
that of nonteaching hospitals devoted mainly to patient service that the two 


can hardly be discussed at all under the same heading. It would also have i 
been interesting to have a fuller discussion of the impact of the specialty boards y 
on hospital staffs. ‘ 
The book is far too comprehensive, however, for a brief review. As a store- ; 
house of factual information it is certainly invaluable, and most of the recom ie: 
mendations are sound and constructive or at least serve as a good starting 4 : 
point for further discussion. This study is beyond question a necessary and 13 ; 
outstanding contribution to progress in the field, and its sponsors are to be a 
warmly congratulated. : 


The Practical Nurse. By Dorothy Deming, R.N. Price, $3. Pp. 357. New 
York: The Commonwealth Fund, 1947. 























[he Commonwealth Fund has again sponsored a most important book. 
Recent years have clearly shown that the problems of nursing service cannot 
be adequately handled by the available supply of trained nurses. Hence, the 
development of practical nurses to supplement the work done by highly trained 
experts becomes an obvious need. Mrs. Deming’s comprehensive study covers 
the problem of the practical nurse from every standpoint—historical, educational 
and economic. Jt is a book which will be essential to all dealing with problems of 


nursing service as well as a land mark in the philosophy of nursing education. 





Practical Office Gynecology. By Karl John Karnaky, M.D. Price, $7.50. Pp. 261, 
with 238 illustrations. Springfield, Ill.: Charles C Thomas, Publisher, 1947. 





This book does not deal with major operative procedures, but the subject of 
“office gynecology” is covered in a thorough manner. Anatomy, physiology, 
endocrine problems, infections and other related topics are ali dealt with. 
There are many excellent charts and tables, and the numerous colored plates 
are a striking feature. There is an index and a bibliography. 
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